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PREFACE  TO  THE  THIRD  EDITION. 


The  issue  of  the  Eighth  Decennial  Revision  of  the  United  States 
Pharmacopoeia  as  well  as  the  general  advance  of  scientific  pharmacy 
have  rendered  necessary  a  new  edition  of  this  Treatise  on  ^Pharmacy 
in  order  that  it  may  reflect  its  subject  to  date  both  in  its  official  and 
practical  aspectSi.  Much  new  matter  has  been  introduced  and  a  large 
part  of  the  text  has  been  entirely  rewritten. 

As  indicated  in  the  Preface  to  the  first  edition^  this  book  is  not 
intended  to  take  the  place  of  the  Pharmacopoeia,  but  to  serve  pri- 
marily as  an  explanatory  guide  to  the  study  and  use  of  the  official 
standard,  which  is  necessarily  confined  to  brief  statements  presuming 
prior  knowledge  for  their  comprehension.  This  is  more  than  ever 
true  in  the  case  of  the  new  Pharmacopoeia,  owing  to  its  increased 
demands  for  standardization  of  botanical  drugs,  volatile  oils  and 
galenical  preparations.  These  and  other  changes  have  made  neces- 
sary a  more  elaborate  explanation  of  the  official  requirements  and 
tests,  without  which  an  intelligent  use  of  our  national  standard  would 
be  impossible.  To  students  and  pharmacists  alike  such  explana- 
tions should  be  welcome  on  account  of  the  more  rigid  examinations 
now  given  by  the  Boards  of  Pharmacy,  and  the  enforcement  of 
pharmacy  laws  in  conformity  with  the  requirements  of  the  Phar- 
macopoeia. 

The  general  plan  of  the  book  remains  as  originally  outlined,  as 
the  author  has  been  repeatedly  assured  by  professional  friends  that  it 
serves  a  good  purpose.  No  effort  has  been  spared  to  extend  its  scope 
and  add  to  its  usefulness.  As  heretofore  the  author^s  endeavor  has 
been  to  supply  a  text-book  which,  while  sufficiently  comprehensive 
to  serve  as  a  trustworthy  guide,  should  be  devoid  of  all  unnecessary 
material.  It  embodies  his  own  experience  extending  over  thirty-five 
years  of  a  busy  life  as  a  practical  pharmacist,  as  well  as  the  fruits  of 
the  long  continued  labors  of  many  able  men  both  in  this  country 
and  Europe  to  which  the  present  advanced  state  of  pharmacy  is  due. 

The  subjects  treated  in  this  book  have  been  grouped  under  three 
distinct  headings. 

Part  I.  comprises  Greneral  Pharmacy,  which  includes  the  study 
of  weights  and  measures,  specific  gravity,  the  application  and  con- 
trol of  heat,  mechanical  subdivision  of  drugs,  and  methods  of  solution 
and  separation,  together  with  a  classification  and  description  of  the 
various  plant-products  and  solvents  used  in  pharmacy. 

Part  II.  treats  of  Practical  Pharmacy.  This  involves  a  study 
of   the    official    galenical    preparations,   together  with    the    many 
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operations  of  the  dispensing-counter.  It  has  been  the  author^s 
aim  to  explain  as  clearly  as  possible  the  various  processes  and 
apparatus  met  with  in  this  department,  and  to  point  out  the  difficul- 
ties likely  to  be  encountered,  as  well  as  the  remedies  therefor. 
All  suggestions  made  have  been  tried  and  verified  by  the  author 
before  oiFering  them,  so  that  statements  made  are  based  on  actual 
experience. 

Part  III.  18  devoted  to  Pharmaceutical  Chemistry,  the  study  of 
which  is  of  paramount  importance  to  every  pharmacist.  While 
the  subject  is  a  very  comprehensive  one,  and  undoubtedly  entitled 
to  an  extensive  treatise,  it  has  been  confined,  in  this  work,  to  such 
compounds  as  are  either  officially  recognized  in  the  United  States 
Pharmacopoeia,  or  are  of  special  interest  to  pharmacists. 

By  a  careful  analysis  of  the  working  formulas  of  the  Pharma- 
copoeia it  has  been  thought  possible  to  render  that  excellent  book 
more  useful  to  students  as  well  as  pharmacists  in  general.  The 
object  constantly  in  view  is  to  answer,  if  possible,  the  many  ques- 
tions of  why  and  wherefore  with  which  students  and  practising 
pharmacists  are  ajmost  daily  confronted.  To  what  extent  the 
writer  has  been  successful  in  this  direction  must  be  left  to  the  judg- 
ment of  the  pharmaceutical  profession.  He  is  fully  aware  that 
imperfections  must  of  necessity  exist  in  a  work  covering  so  ex- 
tended a  field  of  study,  and  he  hopes  that  those  better  able  to  judge 
will  kindly  inform  l^him  of  any  apparent  or  real  defects,  so  that 
they  may  be  rectified  in  a  future  edition, 

Baltxmobk,  1906. 
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CHAPTER    I. 

PHARMACOPCEIAS. 

Although  the  term  Pharmacopceia  (from  the  Greek  <pdpfiaxov, 
medicine^  and  notuv,  to  make)  is  defined  by  lexicographers  as  mean- 
ing a  book  of  formulas  or  directions  for  the  preparation  of  medi- 
cines, the  word  has  now  received  a  more  liberal  construction,  and  is 
taken  to  include,  besides  the  foregoing,- also  descriptions  of  vegetable 
as  well  as  mineral  and  animal  drugs,  together  with  appropriate  tests 
for  establishing  the  identity  and  quality  of  the  same,  the  whole  pre- 
pared by  some  recc^ized  authority. 

The  necessity  for  a  definite  and  authoritative  standard  in  the  selec- 
tion and  preparation  of  medicines  was  long  since  recognized  by  all 
civilized  nations ;  thus  the  London  Pharmacopoeia  was  established 
in  1618,  that  of  Paris  in  1639,  and  that  of  Edinburgh  in  1699.  The 
first  truly  national  standard  was  that  of  France,  issued  in  1818^ 
which  retained  the  name  of  its  predecessor,  the  Paris  Pharmacopceia, 
and  is  even  to-day  still  known  as  the  Codex  Medicamentarius.  The 
first  United  States  Pharmacopoeia  was  established  in  1820,  prior  to 
which  time  various  foreign  pharmacopoeias  had  been  in  use  in  this 
country.  The  British  Pharmacopoeia,  into  which  were  merged  the 
Lpndon,  Edinburgh,  and  Dublin  (established  1807)  Pharmacopoeias^ 
was  first  issued  in  1864  ;  while  Germany  did  not  adopt  a  national 
standard  until  1872,  nearly  two  years  after  the  restoration  of  the 
Grerman  empire.  Owing  to  the  rapid  advances  in  the  science  of 
medicine  ana  pharmacy,  frequent  revisions  have  become  necessary, 
and  the  following  table  shows  the  dates  of  the  last  revised  editions 
of  the  pharmacopoeias  of  leading  nations. 


Date  of 

Country.  Issue. 

United  States 1905 

Switzerland  (to  be  issued)    .   .  1905 

Busia 1903 

Italy 1903 

Netherlands  (Supplement)  .   .  1903 

Japan  (Supplement) 1902 

Germany 1900 

Sweden 1900 

Aastria  (Supplement)  ....  1900 

Great  Britain 1898 

Denmark  (Supplement)   .   .    .  1898 

Norway 1895 

France  (Supplement)    ....  1895 


Date  of 

Country.  Issue. 

Denmark 1893 

Roumania 1893 

Japan 1891 

Mexico  (Supplement)  ....  1890 

Austria 1889 

Netherlands 1889 

Hungary 1888 

Belgium 1885 

Finland 1885 

France. 1884 

Mexico 1884 

Spain 1884 

Portugal 1876 
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18  GENERAL  PHARMACY. 

The  Pharmacopoeia  of  the  United  States,  although  without  the 
power  of  legal  enforcement  by  act  of  Government,  is,  nevertheless, 
recognized  as  an  authority  by  the  courts,  and  is  the  standard 
employed  in  the  purchase  of  medical  supplies  for  the  Army  and 
Navy  of  the  United  States.  In  some  of  the  States  it  has  been 
adopted  as  the  legal  standard  in  the  enforcement  of  pharmacy  laws, 
and  this  plan  is  likely  to  be  followed  by  others.  The  Pharmacopoeia 
as  now  published  represents  the  joint  work  of  the  medical  and  phar- 
maceutical professions ;  but  in  the  early  part  of  the  last  century,  when 
pharmacy  had  not  yet  reached  the  state  of  a  fully  developed  pro- 
fession in  this  country,  the  apothecary  held  a  rather  subordinate 
position,  and  therefore  had  no  voice  in  the  compilation  of  the  first 
national  Pharmacopoeia,  which  was  adopted  in  1820  by  a  convention 
of  physicians  assembled  at  Washington,  D.  C,  under  the  presidency 
of  Dr.  S.  L.  Mitchill,  the  publication  of  the  book  being  entrusted  to 
a  special  committee,  of  which  Dr.  Lyman  Spalding  was  chairman, 
and  both  the  Latin  and  English  languages  being  used  in  the  text. 
In  1830,  through  some  misunderstanding  and  consequent  dissatisfac- 
tion, two  separate  conventions  were  held  for  the  revision  of  the 
Pharmacopoeia,  one  in  New  York  and  one  in  Washington,  and  at  the 
latter  the  Government  medical  service  was  represented  for  the  first 
time  and  participated  in  the  proceedings ;  at  this  time  provision  was 
also  made  for  regular  subsequent  revisions  every  ten  years.  Owing 
to  this  confusion  two  distinct  Pharmacopoeias  were  published,  one  in 
1830  in  New  York  City,  bearing  the  imprint  "  By  the  authority 
of  the  Greneral  Convention  for  the  Formation  of  the  American 
Pharmacopoeia,  held  in  1830;"  the  other,  published  by  authority  of 
the  National  Medical  Convention  held  at  Washington,  A.  D.  1830, 
was  issued  in  Philadelphia  in  1831.  In  the  Pharmacopoeia  of  1840 
the  Latin  version  of  the  text  was  omitted,  and  in  this  revision  material 
aid  was  also  given  by  the  pharmacists,  although  they  had  no  repre- 
sentation in  the  convention  ;  numerous  improvements  in  the  working 
formulas  appear  in  this  edition.  In  the  convention  of  1850  two 
colleges  of  pharmacy  were  duly  represented  by  delegates,  and  from 
this  time  forward  the  value  of  pharmaceutical  collaboration  has  been 
recognized,  and  its  influence  is  discernible  in  the  many  practical 
details  of  the  Pharmacopoeia.  Since  1850  the  convention  for  the 
revision  of  the  Pharmacopoeia  has  assembled  in  the  city  of  Washing- 
ton, D.  C,  regularly  in  the  month  of  May  of  every  tenth  year ;  all 
duly  incorporated  medical  and  pharmaceutical  societies  and  colleges 
throughout  the  United  States  are  entitled  to  representation  by  three 
delegates,  the  three  branches  of  the  Government  medical  service 
being  also  represented  by  one  delegate  each.  The  final  revision  of 
the  Pharmacopoeia,  under  instructions  from  the  convention,  is  en- 
trusted to  a  committee  of  twenty-five  members,  who  formerly 
also  had  charge  of  the  publication  of  the  book.  In  May,  1900,  the 
national  convention  for  the  eighth  decennial  revision  of  the  United 
States  Pharmacopoeia  met  in  Washington,  D.  C,  under  the  presi- 
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dency  of  Dr.  H.  C.  Wood,  of  Philadelphia,  who  had  successfully 
guided  the  deliberations  of  the  previous  convention,  in  1890. 
Among  the  important  resolutions  adopted  at  this  meeting  were 
one  for  the  incoiporation  of  the  assembled  body  under  the  name 
of  "The  United  States  Pharmacopoeial  Convention,"  and  another 
for  the  introduction  into  the  Pharmacopoeia  of  average  approx- 
imate doses,  to  be  stated  after  each  pharmacopoeial  article.  The 
business  management  and  control  of  the  affairs  of  the. Convention, 
including  the  publication  of  the  Pharmacopoeia,  have  been  placed  in 
the  hands  of  a  board  of  trustees,  composed  of  five  men,  of  which 
Chas.  E.  Dohme,  of  Baltimore,  Md.,  is  the  present  chairman.  The 
present  Committee  of  Revision  is  composed  of  eleven  physicians  (of 
whom,  however,  only  six  are  engaged  in  the  practice  of  medicine) 
and  fourteen  pharmacists  and  chemists.  Dr.  Charles  Rice,  who  haa 
so  ably  filled  the  position  of  chairman  of  the  Committee  of  Revision 
during  the  last  twenty  years,  was  again  elected  chairman  in  1900, 
and  served  until  his  death,  May  13,  1901.  Since  then  Joseph  P. 
Remington  has  been  chairman. 

As  the  Pharmacopoeia  is  in  almost  daily  use  by  the  pharmacist, 
a  short  study  of  its  plan  and  arrangement  is  desirable  for  a  more 
intelligent  understanding  of  the  text.  The  titles  of  all  drugs  recog- 
nized in  the  Pharmacopoeia,  whether  derived  from  the  vegetable, 
mineral,  or  animal  kingdom,  are  conveniently  given  in  three  sub- 
divisions, known  as  the  qffUnal  Latin  name,  the  official  English 
name,  and  the  official  definition^  to  which  is  added  an  official  descrip- 
tion, by  means  of  whicn  the  identity  of  all  official  substances  can  be 
readily  established.  The  following  examples  will  serve  to  illustrate 
the  arrangement  of  pharmacopoeial  subjects : 

SODn  ABSENAS.  (Official  Latin  name.) 

Sodium  Absenatb.  (Official  English  name.) 

NajHAsO^  +  7H,0  -  309.84.  (Official  definition.) 

It  should  contain  in  an  uneffloresced  condition  not  '\ 
leas  than  98  per  cent  of  pure  di-sodium-ortho^irsenate,  >    (Purity  rubric.) 
A«0(OH)  (ONa),  +  7H,0.  J 

Colorless,  transparent,  monoclinic  prisms,  odorless,^ 
and  having  a  mild,  alkaline  taste ;  caution  should  be 
used  in  tasting  this  salt,  as  it  is  very  poisonous.  Efflo- 
rescent in  dry  air,  and  somewhat  debquescent  in  moist 
air.  Soluble  in  1.2  parts  of  water  at  25*»  C.  (77**  F.), 
and  very  soluble  in  boiling  water ;  very  sparingly  sol- 
uble in  cold,  but  nearly  insoluble  in  lx)iling  alcohol. 
When  gently  heated  the  salt  loses  5  molecules  of  water 
(28.8  per  cent.),  and  is  converted  into  a  white  powder. 
At  148*  C.  (298.4*»F.)  it  loses  all  of  its  water  of  crys- 
tallization; at  a  higher  temperature  it  fuses,  and  at  a 
red  heat  it  is  converted  into  pyroarsenate.  Sodium 
arsenate  should  respond  to  the  tests  of  identity  and 
purity  prescribed  under  Sodii  Arsenas  Exsiccatus. 


(Official  description.) 
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PODOPHYLLUM.  (Official  Latin  name. ) 

Podophyllum.  (Official  English  name.) 

The  dried  rhizome  of  PodopkyUum  peUatum,  Linn^ )    //^«  •  i  j  is  •*•      \ 
^nm.  neTbi^nr^\,  '^    ^  1^  (Official  definiUon.) 


(Fam.  Berberidacea), 

Of  horizontal  growth  and  variable  length,  subcylin- 
drical,  flattened  above,  sometimes  branched,  consisting 
of  joints  5  to  10  Cm.  long,  the  intemodes  2  to  8  Mm. 
thick ;  externally  pale  yellowish-brown  to  dark  brown, 
nearly  smooth ;  nodes  annulate,  the  upper  surface 
being  marked  by  large  cup-shaped  scars,  the  lower 
surface  with  numerous  root-scars  or  remains  of  roots ; 
fracture  short,  the  fractured  surface  mealy  or  homy, 
whitish  to  pale  brown,  with  a  cirole  of  small  wood- 
bundles,  and  a  large  pith ;  odor  slight,  moi-e  pro- 
nounced and  characteristic  in  the  powder ;  taste  sweet- 
ish and  disagreeably  bitter  and  acrid. 


/ 


>  (Official  description. } 


CANTHARIS. 
Cantharideb. 


(Official  Latin  name. ) 

(Official  English  name.) 

The  beetle,  Cantharis  vedcaioria,  Linn^,  thoroughly  >    z^^.  •  i  j  c  •*•      \ 
dried  at  a  temperature  not  exceeding  40«  C.  (104<»  R).  /  (^^^^1  defimUon.) 


From  18  to  25  Mm.  long,  about  6  Mm.  broad ;  flattish-  ^ 
cylindrical,  with  filiform  antennae ;  black  in  the  upper 
piart,  with  two  long  wing-sheaths,  and  ample  membra- 
nous, transparent,  brownish  wings;  elsewhere  of  a 
shining  coppery-green  color ;  odor  strong  and  disagree- 
able ;  taste  slight,  afterward  acrid. 

The  powder  is  greenish  brown,  with  shining  green 
particles,  and  contains  few  or  no  hairs ;  ash  not  more 
than  8  per  cent 


(Official  description.) 


The  official  Latin  namey  which  very  properly  is  given  in  the 
Latin  language^  owing  to  its  security  against  change,  is  intended  to 
be  at  once  simple  and  distinctive,  and  must  be  accepted  as  repre- 
senting the  drug  or  preparation  more  particularly  defined  in  the 
other  subdivisions,  in  some  instances  the  names  by  which  drug» 
have  been  long  known  have  been  retained  without  any  special 
reference  to  the  source,  thus  GaUuy  Buchu,  OassOj  Opiuntj  Mastiche, 
Seniuiy  Kino,  Sabal,  etc, ;  but  in  the  majority  of  cases  the  generic 
or  specific  name  of  the  plant  or  animal  yielding  the  drug  has  been 
adopted  as  the  official  name,  thus,  Aconitum,  Camphoraj  Arnica^, 
Ipecacuanha,  Coccus,  Hyoscyamus,  Moschus,  Rheum,  Senega,  etc. 
In  order  to  avoid  confusion  a  few  of  the  former  generic  or  specific 
names  of  plants  have  been  retained  as  the  official  names  of  drugs 
now  known  to  be  derived  from  a  different  source,  as  in  the  case  of 
Asafcetida  from  Ferula  fostida,  Cambogia  from  Garcinia  Hanburity 
Pareira  from  Chondrodendron  tomentosum,  etc. 

When  different  species  of  the  same  genus  furnish  different  drugs 
it  becomes  necessary  either  to  employ  the  full  botanical  name  of  the 
plants  to  distinguish  the  official  varieties,  as  Vibumum  OptUus  and 
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Viburnum  prunifolium,  or  to  select  the  generic  name  only  for  one  of 
the  drugs  and  a  qualified  name  for  others.  Thus,  the  Pharmacopoeia 
has  chosen  the  generic  name  Cinchona  to  designate  the  barks  of 
Cinchona  Ledgeriana,  Cinchona  Calisaya^  Cinchona  offidnaiisy  and 
of  hybrids  of  these  with  other  species,  which  are  usually  designated 
as  Calisaya  or  Yellow  Bark,  and  the  name  Cinchona  rubra  as  the 
official  title  of  the  bark  of  Cinchona  succhnbra  and  its  hybrids, 
oommonly  termed  Red  Bark. 

Whenever  different  parts  of  the  same  plant  are  officially  recog- 
nized as  distinct  drugs,  the  name  of  the  particular  part  must  be 
added  to  the  generic  or  specific  name  of  the  plant,  thus  BelladonncE 
Folia  and  BelladonncB  Radix,  Colchid  Cormus  and  Colchici  Semen, 
etc. ;  to  this  rule  the  Pharmacopoeia  makes  an  exception  in  the  case  of 
Sassafras  bark  and  pith,  both  derived  from  Sasmfras  variifolium — 
the  bark  is  officially  known  by  the  generic  name  of  the  plant, 
while  the  pith  is  designated  as  Sa^ssafras  Medtilla. 

In  the  official  names  of  compound  preparations  the  principal 
active  constituents  are  as  a  rule  specified,  as  Liquor  Fern  et  Am- 
monii  Acetatis,  Tinctura  Aloes  et  Myrrhce,  Trochisd  Glycyrrhizce  et 
Opii,  Piluhe  Aloes  et  Ferri,  Mistura  Rhei  et  Sodas ;  but  usage  has 
sanctioned  a  modification  of  this  rule  when  there  are  many  ingre- 
dients, by  naming  one  of  them  with  the  addition  of  an  adjective, 
such  as  compositusy  a,  um  (compound),  aromaticus,  a,  um  (aromatic), 
etc.,  thus  making  a  simple  comprehensive  title,  as  Spiritvs  Am- 
monUe  Aromaticus,  Tinctura  Cinchonas  Oomposita,  PHuUb  Catharttcce 
VegetabileSj  Pulvia  Morphinoe  Compositus,  Syrupus  Hypophoaphitum 
-ComposUuSy  etc 

In  the  case  of  chemical  compounds  where  similar  combinations  of 
the  sjxnne  elements,  or  several  varieties  of  the  same  compound,  have 
received  recognition,  it  is  absolutely  necessary  that  the  official  name 
include  some  qualifying  term  by  means  of  which  the  character  of 
the  substance  may  at  once  be  recognized,  thus  Hydrargyri '  Chlori- 
dum — Corrosivum  and  Mite,  Hydrargyn  lodidum — Flavum  and 
Rubrum,  Fenn  Sulphas — Exsiccaius  and   Granidatvs,  etc. 

The  Latin  official  names  are  generally  used  in  the  singular  num- 
ber, even  though  the  idea  of  plurality  may  be  essentially  connected 
with  the  drug,  as  in  the  case  of  Caryophyllus,  Galla,  Amygdala, 
^tc. ;  this  is  in  accordance  with  the  precedent  set  by  the  Roman 
medical  writers.  Whenever  a  part  of  the  plant  also  appears  in  the 
official  name  the  following  rule  prevails :  Semen  (seed),  Cortex 
{bark),  and  iJorfir  (root)  are  always  used  in  the  singular,  while  Folia 
(leaves)  and  Flores  (flowers)  are  invariably  use<l  in  the  plural. 

The  official  English  name  need  not  necessarily  be  a  literal 
translation  of  the  official  Latin  name;  in  fact,  it  seems  very  desira- 
ble that  a  drug  should  have  two  distinct  names  officially  recognized, 
the  one  confined  to  the  official  Latin  title,  admirably  adapted  to 
abbreviation  and  use  in  prescriptions,  while  the  other  may  be  em- 
ployed in  the  ordinary  course  of  conversation,  and  is  intended  for 
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use  in  commercial  transactions  and  the  daily  routine  of  business,  as 
Blue  Omtment  for  Unguentum  Hydrargyri  Dilvium^  Brandy  for 
Sptritris  Vini  OaUidy  Oascara  Sagrada  for  Rhamnua  Parahiana, 
Red  Rose  for  Rosa  OaUicay  Wild  Cherry  for  Pi^nxjLS  Virginiana,  etc. 
Occasionally  the  English  name  is  used  in  the  plural,  while  the  Latin 
name  is  always  used  in  the  singular  number,  as  Cardharides  for  Can- 
thatisy  Cloves  for  Caryophyllus.  In  the  case  of  chemical  compounds 
the  official  English  name  often  indicates  with  greater  precision  the 
true  composition,  as  Solution  of  Mercuric  Nitrate  for  Liquor  Hydrar- 
gyri  NUraiis,  Ferrous  Sulphate  for  Ferri  Sulphas,  Ferric  Citrate  for 
Ferri  Citra^y  etc. 

Prior  to  the  eighth  decennial  revision  of  the  Pharmacopoeia  it 
was  customary,  in  a  number  of  instances,  to  follow  the  official  English 
name  by  a  synonym^  enclosed  in  brackets.  Since,  ad  a  rule,  the 
origin  of  such  synonyms  is  unscientific  and  not  in  strict  accord  with 
systematic  nomenclature,  they  have  been  taken  from  the  body  of  the 
book  and  placed  in  the  Index  of  the  Pharmacopoeia  for  reference. 
These  synonyms  are  often  used  for  commercial  purposes,  among  the 
more  prominent  being  Calomel-  for  MiM  Mercurous  Chloridey  Glauber 
Salt  for  Sodium  Svlphatey  Epsom  Salt  for  Magnesium  Salphaiey  Black 
Draught  for  Compound  Infusion  of  Senna  y  Red  Precipitate  for  Red 
Mercuric  Oxidcy  Salol  for  Phenyl  Salicylatey  Citrine  Ointment  for 
Ointment  of  Mercuric  Nitratey  Basham^s  Mixture  for  Solution  of  Iron 
and  Ammonium  Acetatey  Oriffith^s  Mixture  for  Compound  Iron  Mix^ 
turcy  BasUicon  Oirdm^ent  for  Rosin  CeratCy  Witch-hazel  for  Hamam^lis, 
White  Precipitate  for  Ammoniaied  Mercury,  German  Chamomile  for 
Matrioariay  Romxin  Chamomile  for  Anthemis,  MonsePs  Solution  for 
Solution  of  Ferric  SubsulphatCy  LabaiToqu^s  Solution  for  Solution  of 
Chlorinated  Soda,  Carbolic  Acid  for  Phenol,  Tully^s  Powder  for  Cbm^ 
pound  Powder  of  Morphine,  Lady  Webster  Pills  for  Pills  of  Aloes  and 
Mastic,  Blaud^s  Pithy  Ferruginous  Pillsy  or  Chalybeate  Pills  for  Pills^ 
of  Ferrous  CarbonatCy  etc. 

The  official  definition  determines  the  source  and  character  of 
the  drug  or  chemical  as  recognized  by  the  Pharmacopoeia.  In  the 
case  of  vegetable  drugs  the  botanical  name  of  the  plant  yielding  the 
drug  is  composed  of  two  parts,  the  generic  name  and  the  specific 
name,  always  written  in  the  same  order  of  sequence ;  the  first  or 
generic  name  is  invariably  b^un  with  a  capital  letter,  and  is  usually 
employed  as  the  official  Latin  name  of  the  drug,  while  the  specific 
name  is  only  begun  with  a  capital  letter  w^hen  derived  from  a  generic 
name,  as  in  Acorus  Calamus  and  Cytisus  Scoparius,  or  from  a  proper 
name,  as  in  Garcinia  Hanburiiy  or  when  it  is  indeclinable,  as  in 
Theobroma  Cacao.  The  necessity  for  using  the  full  botanical  name 
of  the  plant  to  indicate  the  source  of  the  official  drug  is  clearly  shown 
in  the  case  of  the  genus  Lobelia,  of  which  the  Pharmacopoeia  recog- 
nizes only  the  species  injlata^  although  two  others,  syphilitica  and 
cardinaliSy  are  also  well  known ;  of  the  genus  Grinddia,  two  species 
(robusta  and  sguarrosa)  are  recognized  as  furnishing  the  official  drug. 
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Accompanying  the  botanical  name  of  the  plant  is  the  name  of  the 
author,  print^  in  Roman  type ;  and  followmg  it,  enclosed  in  paren- 
theses, the  family  to  which  the  plant  belongs — ^thus,  Veronica  vir* 
ginica,  Linn^  (Fam.  SerophiUariacecB). 

In  the  case  of  official  chemicals  it  becomes  necessary  to  establish 
the  identity  of  the  compound  by  expressing  its  exact  composition 
by  means  of  symbolic  rormulas ;  thus  in  the  case  of  sodium  phos- 
phate the  formula  Na3HP04  +  I2H2O  specifies  clearly  the  kind 
officially  recognized  by  that  name ;  other  varieties  of  sodium  phos- 
phate, such  as  NagHPO^  +  GHjO,  Na^HPO^,  or  even  NaHgPO^,  or 
Aa3P04,  can  therefore  not  be  used  in  prescriptions  or  official  prepa- 
rations. The  official  definition  of  alumen,  alum,  is  AlK(SOi)2  + 
I2H2O,  showing  that  the  pharmacopoeial  alum  is  potassium  alum, 
or,  more  strictly  speaking,  potassium  and  aluminum  sulphate ;  since 
commercial  alum,  as  a  rule,  is  ammonium  alum,  the  official  definition 
is  important,  and  necessary  to  establish  the  chemical  character  of 
the   compound    to    be   used   as   alum  in  prescriptions  and  official 

Preparations.  The  Pharmacopoeia  recognizes  as  magnesium  car- 
onate  a  compound  for  which  the  symbolic  formula  4MgCX)3.Mg 
(OH),  4-  6H2O  is  given,  which  shows  it  to  be  not  true  magnesium^ 
carbonate,  but  a  substance  containing  four  molecules  of  magnesium, 
carbonate,  one  molecule  of  magnesium  hydroxide,  and  five  molecules 
of  water.  The  official  definition  for  pure  morphine,  CiyHi^Oj  -r 
HjO,  recognizes  a  compound  containing  one  molecule  (in  this  case 
5.94  per  cent.)  of  water,  and  for  pure  quinine,  CaoHj^NjOj  +  SHjO, 
a  compound  containing  three  molecules  (in  this  case  14.28  per  cent.) 
of  water.  Whenever  water  is  expressed  in  a  symbolic  formula,  as 
in  the  five  cases  above  mentioned,  it  forms  an  integral  part  of  that 
formula,  and  is  shown  to  be  an  essential  constituent  01  the  official 
compound  ;  in  the  majority  of  cases  the  presence  of  such  water  lends 
to  the  compound  its  power  to  assume  the  crystalline  form,  and  is 
then  known  as  water  of  crystallization,  but  when  not  so  required  it 
is  known  as  water  of  hydration,  as  in  the  case  of  the  official  magne- 
sium carbonate.  Every  symbolic  formula  is  followed  by  a  number 
which  expresses  the  molecular  weight  of  the  compound — that  is,  the 
sum  of  the  weights  of  the  atoms  of  component  elements ;  thus  in 
the  case  of  the  official  bismuth  citrate,  BiCeHgOy  =  394.52,  the 
molecular  weight  394.52  is  equal  to  the  sum  of  the  weights  of  all 
the  atoms  represented  in  the  compounds,  namely,  1  atom  of  bismuth 
=  206.9,  6  atoms  of  carbon  =  (1 1.91  X  6)71.46,  5  atoms  of  hydrogen 
.=  (1  X  5)5,  and  7  atoms  of  oxygen  =  (15.88  X  7)111.16,  or  206.9  + 
71.46  +  5  +  111.16  =  394.52 ;  official  sodium  carbonate  is  given  as 
NajCOj  + 11,0  =  123.19,  in  which  case  the  weight  of  all  the  atoms 
of  the  crystalline  compound,  including  the  water,  is  accounted  for  in 
the  molecular  weight,  123.19,  as  follows:  2  atoms  of  sodium  = 
22.88  X  2  =  45.76, 1  atom  of  carbon  ==  11.91,  3  atoms  of  oxygen  = 
15.88  X  3  =  47.64,  twice  1,  or  2  atoms  of  hydrogen  =  1x2  =  2^ 
and  1  additional  atom  of  oxygen  =  15.88,  or  45.76  +  11.91  +  47.64 
+  2  +  15.88  =  123.19. 
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The  number  following  simple  elements  expresses  only  the  weight 
of  a  single  atom^  as  bromine,  Br=  79.36,  sulphur,  S  =  31.83,  etc. 
Atomic  and  molecular  weights  are  of  value  in  the  proper  construction 
of  equations  for  the  purpose  of  demonstrating  chemical  reactions. 

In  the  case  of  a  majority  of  the  chemical  compounds  a  statement 
has  been  added  to  the  official  definition,  showing  the  percentage  of 
purity  demanded  by  the  Pharmacopoeia.  This  purity  rubric,  as  it  is 
termed,  immediately  precedes  the  official  description,  see  page  19. 

The  Official  Description.— While  the  official  definition  is  a 
brief  but  exact  statement  of  the  nature  and  source  of  drugs  and  of 
the  composition  of  chemicals,  the  official  description  amplifies  the 
definition  by  adding  the  physical  characteristics  of  drugs,  such  a8 
shape,  size,  odor,  and  taste,  together  with  a  statement  of  possible 
impurities  and  adulterations,  and  means  for  their  detection.  For 
chemicals,  are  added  a  clear  account  of  their  physical  properties, 
their  behavior  toward  different  solvents,  and  such  tests  as  shall 
enable  the  pharmacist  to  detect  impurities  and  establish  the  fulfil- 
ment of  pharmacopoeial  requirements.  The  official  description  is 
always  printed  in  small  type,  and  forms  a  most  valuable  and 
important  part  of  the  Pharmacopoeia. 

DISPENSATORIES. 

A  dispensatory  is  a  commentary  on  the  Pharmacopoeia,  and,  as 
such,  has  become  indispensable  to  both  physicians  and  pharmacists, 
While  the  text  of  the  Pharmacopoeia  is  confined  to  the  definition  and 
description  of  drugs  and  chemicals  as  well  as  to  the  official  tests  and 
requirements  and  accepted  formulas  for  numerous  preparations, 
much  valuable  additional  information  is  given  in  the  dispensatories, 
such  as  historical  data,  action,  and  uses,  as  well  as  doses  of  medi- 
cines, together  with  comments  on  and  explanations  of  pharmaceutical 
and  chemical  processes.  Besides  the  official  drugs  and  chemicals,  a 
large  number  of  unofficial  remedies  and  formulas  are  also  treated  in 
detail.  Three  dispensatories  are  published  in  this  country :  the 
United  States  Dispensatory^  established  in  1833,  by  Wood  and  Bache, 
which  has  reached  its  eighteenth  edition,  and  is  now  edited  by  Wood, 
Remington,  and  Sadtler ;  the  American  Dispensatory,  first  edited  by 
John  King,  M.D.,  in  1854,  of  which  the  eighteenth  edition,  entirely 
rewritten  bv  Llovd  and  Felter,  was  issued  in  two  volumes  in  1898 
and  1900;  and  the  National  Dispensatot^,  established  in  1879  by 
Stills  and  Maisch,  of  which  five  editions  were  published,  and  which, 
after  the  death  of  the  original  authors,  has  now  been  superseded  by 
the  National  Standard  Dispensatory ,  edited  by  Hare,  Caspari,  and 
Rusby. 


CHAPTER    II. 

WEIGHTS  AND  MEASURES. 

Metrology  (from  the  Greek  /lirpoUf  measure^  and  i6yo(:,  a  dis- 
<x)urse)  is  a  study  of  the  art  and  science  of  measurements  as 
applied  to  extension,  volume,  and  weight  of  matter.  Measure  of 
extension  may  be  either  of  length  or  of  surface,  while  measure  of 
volume  or  bulk  applies  to  the  cubic  contents.  Measure  of  weight 
is  the  determination  of  the  gravitating  force  of  bodies — that  is,  of 
their  attraction  by  the  earth  toward  its  center,  such  attraction  bearing 
a  direct  relation  to  the  quantity  of  matter  contained  in  a  body ; 
hence  weight  is  pressure  exerted  by  a  body  upon  a  horizontal  plane 
supporting  it ;  and  the  operation  of  weighing  may  be  defined  as  the 
process  of  determining  the  number  of  standard  masses  (grammes, 
grains,  ounces,  or  pounds,  as  the  case  may  be)  which  are  attracted  by 
the  earth  with  as  much  force  as  is  the  body  that  is  being  weighed. 
True  weight  can  be  obtained  only  in  vacuoj  where  the  exact  measure- 
ments of  the  force  of  gravitation  cannot  be  interfered  with  by 
atmospheric  pressure ;  all  measurements  of  weight  in  any  medium, 
such  as  air  or  water,  must  therefore  give  low  results.  Ordinary 
operations  of  weighing,  being  conducted  in  air,  give  apparent  weight 
of  the  substance  only. 

Weighing  and  measuring  being  operations  of  daily  occurrence  in 
pharmacy  which  require  care  and  exactness,  a  knowledge  of  the 
standards  of  weights  and  measures  in  use  in  this  country  and 
elsewhere  is  absolutely  necessary.  With  more  or  less  modifica- 
tion the  standards  at  present  in  use  in  pharmacy  in  the  United 
States  and  Great  Britain  are  the  same  as  those  formerly  employed 
by  the  Romans,  and  which  in  all  probability  were  derived  by 
them  from  the  more  ancient  Greek  nation.  Three  different  sys- 
tems of  weights  are  at  present  employed  by  all  English-speaking 
nations,  namely,  avoirdupois  weight,  apothecaries'  weight,  and 
metric  weight. 

Avoirdupois  weight,  as  its  name  would  seem  to  indicate,  is  prob- 
ably of  French  origin  {avoir  du  poich,  to  have  weight),  and  w'as  no 
doubt  introduced  into  Great  Britain  during  the  reign  of  the  Norman 
<lynasty;  it  first  appeared  in  the  English  statute-books  in  1335. 
Avoirdupois  Aveight  is  employed  in  the  sale  of  all  commodities 
except  precious  metals  and  precious  stones ;  hence  drugs  are  always 
bought  and  sold  by  pharmacists  by  this  system.  In  Great  Britain 
avoirdupois  weight  is  also  employed  in  the  formulas  of  the  British 
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Pharmacopoeia^  and  is  now  known  there  under  the  name' of  Imperial 
weight.  In  1824  the  value  of  an  avoirdupois  pound  was  defined 
by  law  in  England  to  be  \^%%  of  the  old  standard  troy  pound.  The 
divisions  of  avoirdupois  weight  are  the  pound,  ounce,  drachm,  and 
grain,  which  ai'e  symbolized  by  the  following  characters :  lb.,  oz., 
drm.^  gr. ;  each  pound  contains  16  ounces  and  each  ounce  16 
drachms  or  437^  grains.  The  term  drachm  is  rarely  employed, 
quantities  less  than  an  ounce  being  usually  designated  by  common 
fractions,  such  as  ^^  oz.,  \  oz.,  \  oz.,  or  in  grains.  The  avoirdu- 
pois pound  containing  7(K)0  grains  (437^  X  16)  is  the  only  pound 
used  in  the  United  States  and  Great  Britain  except  at  the  mints ; 
the  standard  pound  is  the  equivalent  in  weight  of  27,7015  cubic 
inches  of  distilled  water  at  62^  Fahrenheit  and  normal  barometric 
pressure. 

Apothecaries'  weight  was  probably  derived  from  troy  weight, 
which  latter  was  introduced  into  Great  Britain,  by  merchants  from 
Lombardy,  toward  the  close  of  the  thirteenth  century;  it  is 
employed  altogether  in  the  writing  and  compounding  of  physicians' 
prescriptions,  and  is  divided  into  grains,  scruples,  drachms,  and 
ounces,  of  which  20  grains  are  equal  to  1  scruple,  3  scruples  are 
equal  to  1  drachm,  and  8  drachms  are  equal  to  1  ounce.  The 
apothecaries'  ounce  is  of  the  same  value  as  the  now  obsolete  English 
troy  ounce.  The  following  symbols  are  employed  to  designate  the 
divisions  of  apothecaries'  weight,  and  always  precede  the  number 
indicating  the  quantity  intended,  which  is  expressed  in  Roman 
numerals ;  thus,  gr.  j,  for  one  grain,  9ij,  for  two  scruples^  siij,  for 
three  drachms,  |iv,  for  four  ounces.  As  far  back  as  1266,  during 
the  reign  of  Henry  III.,  a  statute  was  enacted  in  England  which 
provided  that  an  English  silver  penny,  called  a  sterling,  round  and 
without  clipping,  should  equal  in  weight  32  wheat-grains,  well  dried 
and  taken  from  the  centre  of  the  ear,  and  that  of  such  pence  20 
should  make  1  ounce,  and  12  ounces  1  pound.  About  1497,  in  the 
time  of  Henry  VII.,  the  weight  of  the  silver  penny,  however,  was 
changed  to  the  equivalent  of  24  wheat-grains.  These  statutes  clearly 
indicate  the  origin  of  the  pennyweight  and  the  troy  system,  from 
which  the  apothecaries'  weight,  still  in  use  at  the  present  day,  was 
subsequently  derived.  The  choice  of  wheat-grains  from  the  centre  of 
the  ear  arose  from  a  desire  for  uniformity  in  size  and  weight,  as  did 
likewise  the  directions  to  employ  the  grain  well  dried.  The  adoption 
of  troy  weight  by  physicians  and  pharmacists  dates  back  to  1618, 
when  the  first  London  Pharmacopoeia  was  compiled.  In  1826 
Imperial  measures  and  standards  were  legalized  in  England,  and  in 
1827  exact  copies  of  these  standards  were  furnished  the  minister  of 
the  United  States  Government  at  London,  namely,  the  standard 
yard,  a  bronze  bar  of  36  inches  length,  a  brass  troy-pound  weight 
of  5760  j?rains,  and  a  brass  avoirdupois-pound  weight  oi  7000  grains ; 
copies  of  these  standards  were  supplied  to  the  different  States  in  1836 
by  Act  of  Congress.    The  length  of  the  standard  yard  is  determined 
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by  comparison  with  a  pendulum  beating  seconds  of  mean  time,  in  a 
vacuum,  at  the  temperature  of  62^  Fahrenheit,  at  the  level  of  the 
sea;  in  the  latitude  of  London ;  the  length  of  such  a  pendulum  was 
found  to  be  39.13929  inches. 

From  what  has  been  said  above  it  is  clear  tliat  every  troy  or 
apothecaries^  ounce  is  heavier  than  the  avoirdupois  ounce  by  42^ 
grains ;  hence  to  find  the  corresponding  value  in  avoirdupois  ounces 
of  any  given  number  of  troy  or  apothecaries'  ounces,  add  to  the 

latter    ^^  =  —  or  l—\    of  that   number ;    thus   Sxxiv  =  24 
437^      875       \175/ 

17 
avoirdupois  ounces  plus  of  24,  which  is  24  +  2.33,  or  26.33 

175 
ounces;  or  multiply  the  number  of  troy  ounces  by  480  and  divide 
the  product  by  437.5,  the  quotient  representing  the  corresponding 
avoirdupois  weight  in  ounces.     If,  on  the  other  hand,  avoirdupoia 
weight  is  to  be  converted  into  apothecaries'  or  troy  weight,  subtract 

from  the  number  of  ounces  given  -—2  =( -— -  or  -—- |  of   the   num- 

^         480     V960       192/ 

17 
ber ;  thus  26.33  ounces  =  26.33  —  Jqq  of  26.33,  which  is  equal  to 

26.33  —  2.33,  or  24  apothecaries'  or  troy  ounces ;  or  multiply  the 
number  of  avoirdupois  ounces  by  437.5  and  divide  the  proauct  by 
480,  the  quotient  representing  the  corresponding  apothecaries'  or 
troy  weight  in   ounces. 

While  apothecaries'  weight  is  employed  in  compounding  prescrip- 
tions both  in  this  country  and  Great  Britain,  it  is  not  used  in  either 
the  United  States  or  the  British  Pharmacopoeia,  and  will  no  doubt  be 
entirely  abolished  in  the  course  of  time,  when  a  uniform  international 
system  of  weights  shall  have  been  adopted  by  the  medical  and  phar- 
maceutical professions  of  both  countries.  The  grain  is  the  con- 
necting link  between  avoirdupois,  troy,  apothecaries',  and  Imperial 
weight,  being  the  same  in  all. 

The  fluid  measure  used  by  pharmacists  of  the  United  States  is 
derived  from  the  old  wine  measure  of  England  (now  extinct),  which 
allowed  to  each  wine  gallon  the  volume  of  231  cubic  inches,  or 
58340,011  grains  of  distilled  water  at  15^  C.  (59°  F.);  the 
Imperial  gallon  of  Great  Britain  contains  277.273  cubic  inches,  or 
70,000  grains  of  distilled  water  at  62°  Fahr.  In  both  cases  the 
gallon  is  divided  into  8  pints;  but  the  pint  qf  wine  measure 
contains  16  fluidounces,  while  the  Imperial  pint  contains  20  fluid- 
ounces.  The  United  States  fluid  measure  has  the  following  units: 
the  minim,  the  fluidrachm,  and  the  fluidounce,  which  are  repre- 
sented by  the  following  signs :  til,  fs,  f.l;  in  addition,  the  pint  and 
Sallon  are  sometimes  employed  in  commercial  transactions,  being 
esignated  by  the  abbreviations  0,  from  Octarius,  for  pint,  and  Cong., 
from  Oongius^  for  gallon.  The  units  of  Imperial  fluid  measure  bear 
the  same  names  as  those  employed  for  United  States  fluid  measure^ 
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but  differ  from  them  in  value ;  thus,  while  the  Imperial  minim 
of  water  weighs  0.91  (0.9114583)  grain,  the  United  States  minim  of 
water  weighs  0.95  (0.9493)  grain,  and,  since  both  fluidouuces  contain 
480  minims,  the  Imperial  nuidounce  of  water  weighs  437.5  grains, 
but  the  United  States  fluidounce  455.70  grains,  at  15.6°  C.  (60°  F.), 
Each  fluidounce  is  divided  into  8  fluidrachms  and  each  fluidrachm 
into  60  minims. 

It  must  not  be  overlooked  that  many  liquids,  although  dispensed 
and  sold  by  the  apothecary  by  fluid  measure,  are  purchased  from  the 
manufacturer  by  weight,  and  whenever  the  specific  gravity  of  the 
liquid  diflPers  materially  from  that  of  water  there  must  be  also  a 
marked  difference  in  the  relative  volume;  thus  glycerin,  syrups, 
<;hloroform,  ethers,  acids,  essential  oils,  and  many  chemical  solutions 
are  always  purchased  by  weight.  The  following  list  shows  the 
number  of  fluidounces  in  one  pound  of  the  respective  liquids,  of 
pharmacopceial  quality : 

One  pound  of  Sulphuric  Acid  measures  about  .  %\  fluidounces. 

Monsel's  Solution  measures  about  .  .     10  " 

Chloroform                   **            *'  .  .     10^  " 

Syrup                            "            »*  .  .11}  " 

Glycerin                       "            "  .  .121  " 

Goulard's  Extract        "            *'  .  .     Vl\  " 

Ammonia  Water          "            **  .  .16  " 
Stronger  Ammonia  Water  measures  about    17 

Spirit  of  Nitrous  Ether            **  "       1 8^ 
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Essential  Oil  measures  from    .  13  to  18  *' 

Ether  measures  about    ...  21^        " 

The  metric  or  decimal  system  of  weights  and  measures,  which  is 
the  only  official  system  of  the  present  United  States  Pharmacopoeia, 
IS  supposed  to  have  originated  in  the  fertile  mind  of  the  French 
8tatesman,  Prince  de  Talleyrand,  toward  the  close  of  the  eighteenth 
century,  and  was  enforced  in  France  by  law  in  December,  1799.  It 
has  already  become  the  legal  standard  in  all  civilized  countries 
except  the  United  States  and  Great  Britain,  and  is  destined  to 
become  the  universal  standard  for  commercial  transactions,  as  it  is 
already  for  strictly  scientific  work,  the  world  over. 

The  use  of  metric  weights  and  measures  was  legalized  in  the 
United  States  and  Great  Britain  in  1866,  but  neither  country  has  as 
yet  officially  adopted  them,  although  the  prospects  for  such  desira- 
ble action  are  brightening.  In  1878  the  use  of  the  metric  system 
was  made  obligatory  in  the  purchase  of  medical  supplies  for  the 
United  States  Marine-Hospital  Service.  For  some  years  past,  effiorts 
have  been  made  annually  bv  the  American  Pharmaceutical  Associa- 
tion  to  induce  Congress  to  pass  laws  looking  to  the  introduction  of 
the  metric  system  of  weights  and  measures  in  place  of  those  now  in 
use,  but  thus  far  without  succeas.  Since  the  introduction  of  a  new 
system  of  weights  and  measures  must,  no  doubt,  for  a  time  create 
some  confusion,  a  careful  study  of  the  same  is  required  of  pharma- 
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cists  and  physicians.  The  principles  upon  which  the  metric  system 
was  founded  are  as  follows :  The  reduction  of  all  weights  and  meas- 
ures to  one  uniform  standard  of  linear  measure ;  the  use  of  an  ali- 
quot part  of  the  earth's  circumference  as  such  standard ;  the  appli- 
cation of  the  unit  of  linear  measure  to  matter  in  its  three  modes  of 
extension — length,  breadth,  and  thickness — ^as  a  standard  of  all 
measures  of  length,  surface,  and  solidity;  the  cubic  contents  of 
linear  measure  in  distilled  water  at  the  temperature  of  its  greatest 
density  to  furnish  at  once  the  standard  measure  of  weight  and  of 
capacity ;  everything  susceptible  of  being  weighed  or  measured  to* 
have  only  one  measure  of  weight,  one  measure  of  length,  and  one 
measure  of  capacity,  with  their  multiples  and  subdivisions  exclu- 
sively in  decimal  proportions ;  and  every  weight  and  every  measure 
to  be  designated  by  an  appropriate  significant  characteristic  name 
applied  exclusively  to  itself. 

As  a  basis,  the  authors  of  the  metric  system  adopted  a  quadrant 
(one-fourth)  of  the  earth's  circumference,  and  dividing  this  into  tea 
million  parts  they  obtained  a  certain  measure  of  length,  which  they 
named  meter  (French  mUre)  and  adopted  as  a  standard  for  all  units, 
of  measurements  ;  this  meter,  which  was  made  the  unit  of  linear 
measure,  is  equal  to  39.3704  inches.  One-tenth  part  of  the  meter^ 
applied  to  cubic  measurement,  was  made  the  unit  of  measure  of 
capacity  and  called  a  liter  (French  litre)]  it  is  equal  to  33.8149 
U.  S.  fluidounces  or  2.1135  wine  pints.  The  one-thousandth  part 
of  the  liter  (which  is  equal  to  the  cube  of  one-hundredth  part  of 
the  meter)  was  chosen  to  furnish  the  unit  of  weight ;  the  weight 
of  such  a  volume  of  distilled  water  at  its  greatest  density,  4°  C 
(39.2®  F.),  was  called  a  gramme,  and  is  equal  to  15.43235639  grains. 
The  multiples  of  these  units  are  denoted  by  prefixes  of  the  Greek 
numerals,  deJca  10,  h&sto  100,  hUo  1000,  myria  10,000 ;  while  pre- 
fixes of  the  Latin  numerals  denote  the  subdivisions,  thus  ded,  one- 
tenth  ;  centiy  one-hundredth,  and  milliy  one-thousandth.  Two  other 
units  of  the  metric  system,  the  are  (the  square  of  ten  meters)  and 
the  stere  (a  cubic  meter),  are  not  of  pharmaceutical  interest.  Al- 
though the  liter  is  the  unit  of  measures  of  capacity,  the  subdivisions 
of  this  unit  are  almost  invariably  spoken  of  as  so  many  cubic  cen- 
timeters, since  each  liter  is  equal  to  1000  cubic  centimeters ;  thu» 
the  expressions  10,  50,  100,  250,  750  cubic  centimeters,  etc.,  are 
preferred  to  1  centiliter,  5  centiliters,  1  deciliter,  one-fourth  of  a 
liter,  and  three-fourths  of  a  liter.  In  like  manner  the  specific  names- 
of  the  fourth  multiple  of  the  units  are  rarely  employed,  it  being- 
customary  to  designate  all  above  the  third  multiple  as  so  many  of 
that  multiple;  thus  10  kilometers  instead  of  1  myriameter,  15,000 
liters  inst^id  of  1^  myrialiter,  and  20  kilogrammes  instead  of  2 
myriagrammes,  etc.  When  writing  the  names  of  metric  measures 
and  weights,  abbreviations  are  usually  employed  in  place  of  the  full 
names,  as  will  be  seen  from  the  following  tables,  which  also  give  the 
corresponding  values  in  customary  weights  and  measures  : 


so 
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Measures  of  Length, 


1  M^iameteTi  Mm. 

1  Kilometer,  Km. 

1  Hectometer,  Hm. 

1  Dekameter,  Dm. 

1  Meter,  M. 

1  Decimeter,  dm. 

1  Centi  meter,  cm. 

1  Millimeter,  mm. 


10000.0 

1000.0 

100.0 

10.0 

1.0 

0.1 

0.01 

0.001 


M 

(( 

ct 

II 
« 


6.2137  +  miles. 

4.9710  +  furlongs. 
19.8840  +  rods. 
32.8086  +  feet. 
39.3704      inches. 

3.93704  " 

0.393704  inch. 

0.0393704 


(( 


1  Myrialiter, 

1  Kiloliter,  Kl.  =  1000.0 

1  Hectoliter,  HI.  =  100.0 

1  Dekaliter,  Dl.    =  10.0 

1  Liter,  L.     =  1.0 

1  Deciliter,  dl.    =  0.1 

1  Centiliter,  cl.    =  0.01 

1  Milliliter,  ml.  =  0.001 

1  Cubic  centimeter,  ccm.=  0.001 


Measures  of  Capacity. 
Ml.   =  10000.0  .   L.  =  2641.7890  +  gallons. 


(( 


it 


264.1789  -f 
26.4178  -f 

2.6417  -f 
33.8149  +  fluidounces. 

3.38149  4-       " 

0.338149  +  fluidounce. 

0.0338149  -f 

0.0838149  + 


Measures  of  Weight 


1  M^riagramme, 
1  Kilogramme, 
1  Hectogramme, 
1  Dekagramme, 
1  Gramme, 
1  Decipmnme, 
1  Centigramme, 
1  Milligramme, 


it 


Mg.  =  10000.0  Gm.  =  22.0461  +  pounds. 
Kg.  = 

Dg.  = 

Gm.  = 

dg.  = 

eg.  = 
mg.  = 


1000.0 
100.0 
10.0 
1.0 
0.1 
0.01 
0.001" 


u 
tl 
(I 
it 


tl 


2.2046  + 
=   3.6273  +  av.  ozs. 

=  154.3235639  grains. 
=  15.43236639   " 
=   1.543236639  " 
=  0.1543235639  grain. 
=   0.01543235639 


(I 


The  U.  S.  Pharmacopoeia  deviates  from  these  abbreviations  in 
three  instances,  using  Mm,  in  place  of  mm.  for  millimeter,  Om,.  in 
place  of  cm.  for  centimeter,  and  Cfc.  in  place  of  com.  for  cubic  cen- 
timeter. The  numerical  expression  of  all  weights  and  measures 
should  alwayj^  be  accompanied  by  the  abbreviation  used  for  the 
unit,  and  whenever  subdivisions  are  not  given  a  cipher  should  follow 
the  decimal  point,  so  as  to  indicate  more  clearly  the  intention  of  the 
writer ;  thus,  25.0  Gm.  and  350.0  Co.,  leave  no  doubt  whatever  as 
to  the  quantities  desired,  whereas  25  Gm.  and  350  Cc.  might  have 
been  carelessly  written  for  2.5  Gm.  and  35.0  Cc.  Since  the  value 
of  the  numericitl  expression  depends  entirely  upon  the  correct 
placing  of  the  decimal  point,  due  care  must  be  observed  lest  the 
misplacement  thereof  increase  or  decrease  the  intended  value  tenfold. 
When  reading  metric  weights  and  measures  the  multiples  of  the 
units  should  be  read  as  so  many  units,  but  the  subdivisions  are 
preferably  named  as  so  many  of  the  lowest  division  possible ;  for 
instance,  25.050  Gm.  should  be  read  25  grammes- and  50  milli- 
grammes instead  of  25  and  y^  grammes;  0.125  Gm.,  125  milli- 
grammes instead  of  12^  centigrammes  or  1  decigramme  2  centi- 
grammes and  5  milligrammes;  0.020  M.  should  be  read  as  2 
<5entimeters  or  20  millimeters,  but  never  as  y^  or  yj^  of  a  meter ; 
1.425  L.  should  be  read  as  1425  cubic  centimeters  instead  of 
1  ^y^^Q    liter  or  1  liter  and  425  cubic  centimeters. 
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The  corresponding  values,  in  customary  weights  and  measures,  of 
a  few  metric  weights  and  measures  should  be  firmly  fixed  in  the 
mind  for  convenient  use  while  reading  or  studying  ;  as, 

1  Mm.  (millimeter)  =  ^  of  an  inch. 

1  Cm.  (centimeter)  ==  f  of  an  inch. 

1  inch  =-  25  millimeters  or  2^  centimeters. 

1  Cc.  (cabic  centimeter)  =  16.23  minims  or  0.27  fluidrachm  or  0.0338  fluidounce. 

1  fluidounce  =  29.67  +  (practically  30)  cubic  centimeters  at  4**  C.  (39.2'»  F.). 

1  Gm.  (gramme)  =  15.4324  grains. 

1  grain  =  0.06479  -f  gramme  or  64.79  milligrammes. 

1  Mg.  (milligramme)  =  0.01543  grain  (practically  ^  grain). 

1  L.  (liter)  =33.815  (nearly  34)  fluidounces  or  ^  pmts. 

1  ounce  avoirdupois  =:  28.35  grammes. 

I  pound  avoirdupois  =  453.6  grammes. 

In  larger  commercial  transactions  the  kilogramme  is  the  metric 
weight  generally  employed,  being  frequently  abbreviated  "  kilo  " ; 
it  is  equivalent  to  2^  avoirdupois  i)ounds  +  34  grains. 

The  following  simple  rules  will  enable  anyone  readily  to  convert 
metric  weights  and  measures  into  those  customary  in  this  country, 
the  results  being  practically  correct. 

For  linear  measure :  6ivide  the  number  of  millimeters  by  25, 
300,  or  900;  the  quotient  will  be  the  answer  in  inches,  feet,  or 
yards,  respectively. 

For  measures  of  capacity :  Divide  the  number  of  cubic  cen- 
tiifieters  by  0.06161,  3.697,  or  29.57;  the  quotient  will  be  the 
answer  in  U.  S.  minims,  fluidrachms,  or  fluidounces,  respectively. 

For  weight :  Divide  the  number  of  grammes  by  0.06479,  3.8874, 
or  31.103  ;  the  quotient  will  be  the  answer  in  grains,  drachms,  or 
apothecaries'  ounces,  respectively.  If  the  number  of  grammes  be 
divided  by  28.35  or  453.6,  the  quotient  will  be  the  answer  in  ounces 
or  pounds,  avoirdupois  weight,  respectively.  % 

In  the  actual  operations  of  weighing  and  measuring,  however,  it 
will  be  found  more  desirable  to  be  provided  with  a  set  of  accurate 
metric  weights  and  measures ;  for  then  even  the  slight  errors  aris- 
ing from  the  translation  of  one  system  into  another  can  be  avoided. 

Comparative  Table  of  Metric  with  Avoirdupois  and 

Apothecaries'   Weights. 


Names. 

Numerical 

Equivalents  In 

Equivalents  in 

Equivalent! 

sin 

Kxpressions. 

Grains. 

Avoirdupois 

Weight.! Apothecaries'  Weight 

1 

6m. 

Gr. 

lb. 

oz. 

gr. 

S 

5 

gr. 

Milligramme 

0.001 

0.01543 

•  •  • 

kV 

•  •  • 

■h 

Centigramme 

0.010 

0.15432 

•  ■  • 

* 

•  •• 

i 

Bemgramme 

0.100 

1.54323 

•  •  ■ 

1.5 

•  •  ft 

1.5 

Gramme 

1.0 

15.43235 

•  ■  ■ 

15.4 

•  •  • 

15.4 

Dekagramme 

10.0 

154.32356 

1 

45.0 

2 

34.0 

Hectogramme 

100.0 

1543.23563 

Zk 

12.0 

3 

1 

43.0 

Kilogramme 

1000.0 

15432.35639 

2 

3 

1  ■ 

10.47 

32 

1 

12.4 

Mjrriagramme 

10000.0 

154323.56390 

22 

14.8 

321 

4 

3.5 
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In  writing  prescriptions,  physicians  are  in  the  habit  of  considering 
4  Cc.  (actually  3.6969)  as  equivalent  to  1  fluidrachm,  and  30  Cc. 
(actually  29.573)  as  equivalent  to  1  fluidounce. 

COMPAKATIVE  TaBLE  OF  MeTBIC  AND  APOTHECABIES'   FlUID  MeASUBE. 


Cubic  Centimeter. 

Minims. 

ft 

t% 

m 

0.06161  + 

1.0 

■  ■  • 

•  •  ■ 

0.30805 

5.0 

•  •• 

•■■ 

0.61610 

10.0 

•  •• 

•  ■  • 

1.0 

16.23 

•  *■ 

•  • » 

5.0 

81.15 

1 

21.15 

10.0 

162.30 

2 

42.3 

20.0 

324.60 

5 

24.6 

30.0 

486.90 

1* 

0 

6.9 

40.0 

649.20 

1 

2 

49.2 

50.0 

811.50 

1 

5 

31.5 

60.0 

973.80 

2 

0 

13.8 

70.0 

1136.10 

2 

2 

56.1 

80.0 

1298.40 

2 

5 

38.4 

90.0 

1460.70 

3 

0 

20.7 

100.0 

1623.00 

3 

3 

3.0 

250.0 

4057.60 

8 

3 

37.5 

500.0 

8115.00 

16 

7 

15.0 

1000.0 

16230.00 
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Physicians  and  pharmacists  cannot  be  too  careful  in  the  use  of 
metric  weights  and  measures  in  the  writing  and  reading  of  prescrip- 
tions. In  continental  Europe,  where  the  metric  system  has  been  m 
use  for  many  years,  no  signs  are  used  in  prescriptions,  because  all 
ingredients,  whether  solia  or  liquid,  are  weighed,  and  it  is  under- 
stood that  weight  is  always  intended;  whenever,  for  any  reason, 
measures  are  wanted,  the  signs  L.  (liter)  and  Ccm.  (cubic  centimeter) 
are  employed.  But  in  this  country,  and  also  in  England,  where  it 
is  still,  and  likely  to  remain,  customary  to  weigh  solids  and  to 
measure  fluids  in  the  dispensing  of  medicines,  the  official  abbrevia- 
tions given  in  the  U.  S.  Pharmacopoeia  should  be  used  invariably^ 
so  as  to  avoid  all  possible  confusion.  With  water,  and  the  average 
diluted  alcohol  tinctui'es,  it  would  probably  not  make  much  differ- 
ence whether  grammes  or  cubic  centimeters  were  dispensed,  but  in 
the  case  of  all  liquids  having  a  higher  or  lower  specific  gravity  than 
water  a  marked  variation  will  be  observed  ;  thus  20  Gm.  of  glycerin 
measure  16  Cc.,  and  20  Cc.  of  glycerin  weigh  25  Gm.;  60  Gm.  of 
simple  syrup  measure  45.5  Cc.,  and  60  Cc.  of  syrup  weigh  79.02 
Gm.;  30  Gm.  of  chloroform  measure  20.13 +  Cc.,  and  30  Cc.  of 
chloroform  weigh  44.7  Gm.;  4  Gm.  of  bromoform  measure  only 
1.4  Cc,  and  4  Cc.  of  bromoform  weigh  11.32  Gm. ;  10  Gm.  of 
ether  measure  13.77  +  Cc,  and  10  Cc.  of  ether  weigh  only  7.26 
Gm. ;  50  Gm.  of  alcohol  measure  60.97  +  Cc,  and  50  Cc.  of  alcohol 
weigh  41  Gm. 

It  is  incumbent  upon  the  medical   schools  of  this  country  to 
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familiarize  their  stiulents  with  the  decimal  system  of  weights  and 
measures,  as  is  now  done  in  all  colleges  of  pharmacy ;  and  not 
until  the  national  medical  and  pharmaceutical  associations  shall  have 
agreed  upon  some  rule  or  guide  for  the  two  professions  in  the  speci- 
fication of  metric  weights  and  measures  in  prescriptions  will  the 
pharmacist  be  relieved  of  annoyance  and  censure  caused  by  improper 
interpretation  of  quantities. 

In  the  absence  of  specified  fluid  measures  it  is  safest  to  follow  the 
custom  of  continental  Europe  and  weigh  all  solids  and  liquids  when 
dispensing  prescriptions  written  in  the  metric  system. 

In  1890  the  United  States  Government  obtained  from  the  Inter- 
national Bureau  of  Weights  and  Measures  prototype  standards  of 
the  Meter  and  the  Kilogramme,  made  of*  platinum-iridium ;  these 
were  placed  in  the  custody  of  the  Office  of  Standard  Weights  and 
Measures  at  Washington,  and  from  them  the  commercial  weights 
and  measures  now  in  use  are  derived.  The  value  of  the  United 
States  prototype  standard  Meter  and  Kilogramme  is  identical  with 
the  international  standards  derived  from  the  M^tre  and  Kilogramme 
"des  Archives''  of  France. 

The  United  States  yard  is  defined  to   be   equal   to  ' ^of 

'  *  393700 

a  meter ;   the  pound  (avoirdupois)  is  defined   as   being  equal   to 

-  ,,^^ of  a  kilogramme  :  and  the  liquid  scallon  is  the  volume 

1543235639  6  ^  ^       b 

of  3785.434  grammes  (58418.1444  grains)  of  water  at  the  tempera- 
ture of  its  maximum  density,  weighed  in  vacuo. 

The  instruments  used  in  weighing  and  measuring  are  balances, 
weights,  and  graduated  vessels,  and  the  necessity  for  their  accuracy 
and  careful  preservation  cannot  be  too  strongly  emphasized. 

The  balance,  or,  as  it  is  commonly  called,  "  a  pair  of  scales," 
is  no  doubt  the  most  useful  instrument  in  the  hands  of  the  phar- 
macist, for  upon  its  proper  construction  and  sensitiveness  depend 
the  accuracy  of  weighing  and  correct  dispensing  of  medicines.  The 
general  construction  of  an  ordinary  balance  is  so  well  known 
that  a  detailed  description  seems  unnecessary ;  the  simple  hand 
scales  (see  Fig.  1),  which  were  formerly  relied  upon  altogether, 
have  almost  completely  disappeared  in  this  country  ;  in  their  stead  a 
more  substantial  instrument  is  now  used.  The  single  beam  prin- 
ciple still  prevails,  in  which  a  metallic  bar  is  supported  at  its  centre 
on  a  knife-edged  axis,  called  the  fulcrum,  thus  producing  two  arms 
of  equal  length.  The  fulcrum  projects  from  the  sides  of  the  beam, 
and  rests  on  two  supports  at  the  top  of  a  stationary  column,  so  con- 
structed that  the  wear  and  tear  due  to  constant  iriction  is  relieved 
by  a  s{>ecial  contrivance  for  raising  the  beam  above  the  steel  or 
agate  plane  when  the  balance  is  not  in  actual  use.  The  knife- 
edged  axis  and  the  support  on  which  it  rests  are  both  made  of 
hanlened  steel  and  highly  polished,  in  order  to  reduce  friction  to  a 
minimum  ;  but  since  even  steel  is  liable  to  become  rusty,  particularly 
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when  exposed  to  moisture  or  acid  vapors,  agate  edges  and  planes, 
which  are  practically  indestructible^  are  now  preferred  on  all  finer 
balances.  The  centre  of  gravity  of  the  beam^  which  is  the  point 
through  which  the  sum  of  the  sei>arate  attractions  of  all  the  par- 
ticles of  the  beam  passes  and  operates  as  one  force,  should  be  located 
slightly  below  the  edge  of  the  fulcrum ;  if  it  were  in  the  edge  of  the 
fulcrum,  the  be^m  would  not  come  to  a  horizontal  position  when  the 
pans  are  equally  loaded,  but  would  remain  in  any  position  where  it 
might  chance  to  be  placed.  If  it  were  above  the  edge  of  the  fulcrum, 
the  beam  would  remain  horizontal  if  placed  so ;  but  if  slightly 
deflected,  it  would  tend  to  overturn  by  the  action  of  the  weight  of 

Fig.  1. 


Old-style  hand  balance. 

the  beam.  The  nearer  the  centre  of  gravity  comes  to  the  edge  of  the 
fulcrum,  the  more  accurate  and  sensitive  will  the  balance  be ;  but  at 
the  same  time  the  beam  will  turn  more  slowly.  The  scale- pans  are 
suspended  in  suitable  wire  frames,  also  supported  by  means  of  knife 
edges  from  the  ends  of  the  beam  ;  in  order  to  insure  perfect  equilib- 
rium it  is  essential  that  the  end  knife  edges  be  situated  equally  dis- 
tant from  the  central  point  of  support,  and  that  they  lie  in  the  same 
plane  with  it,  all  three  edges  being  parallel  to  each  other.  The  lighter 
in  weight  and  the  more  inflexible  the  beam,  the  greater  will  be  the 
sensitiveness  of  the  balance.  Both  of  these  desirable  qualities  are 
obtained  by  the  use  of  aluminum  beams,  which  are  also  non-corrosive 
and  non-magnetic. 
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The  scale-pans  are  preferably  made  of  solid  nickel  or  solid 
silver ;  but  for  weighing  certain  chemical  substances  likely  to  attack 
the  metal  they  should  be  supplanted  by  strong  glass  pans.  Each 
balance  is  provided  with  an  indicator  in  the  form  of  a  long^  thin^ 
flat  needle  attached  to  the  centre  of  the  beam^  and  so  arranged  that 
when  the  beam  is  in  perfect  stable  equilibrium  it  points  directly  to 
the  zero  mark  on  a  short  graduated  plate  attached  to  the  front  base 
of  the  upright  (see  Fig.  2) ;  on  some  balances  the  indicator  points 
upward,  the  graduated  scale 
being  placed  at  a  little  distance  yv^,  3. 

above  the  beam  (see  Fig.  3). 
When  the  balance  is  in  use,  it 
18  far  better  to  rely  upon  the 
Tegular,  uniform  oscillations  of 


-Prescription  balance  with  indicator  below 
the  beam. 


Prescription  balance  with  indicator  aboTe 

the  beam. 


the  beam,  as  shown  by  the  indicator  on  the  scale,  than  to  await  the 
fixed  position  of  the  indicator  at  the  zero  point.  Every  balance 
when  purchased  should  be  carefully  tested  as  to  its  sensitiveness  and 
-correct  adjustment;  this  is  best  done  by  allowing  the  beam  to 
oscillate  freely  supported  on  its  fulcrum,  with  the  pans  detached. 
The  oscillations  should  be  regular  and  the  beam  finally  return  to  its 
horizontal  position  of  rest ;  but  it  must  be  borne  in  mind  that  an 
-essential  requisite  for  the  success  of  this  test  is  a  perfectly  level 
position  of  tbe  balance.  The  equilibrium  of  the  beam  should  also 
be  maintained  when  the  pans  are  attached,  whether  empty  or  lightly 
or  heavily  loaded,  and  when  the  load  is  transposed  from  one  pan  to 
the  other ;  these  tests  prove  equality  in  the  length  of  the  arms. 
Prescription  balances,  sensitive  to  yi^  grain  and  intended  only  for 
weighing  small  quantities,  whereby  their  accuracy  can  be  maintained 
for  a  very  long  time,  are  offered  of  superior  workmanship  and  pro- 
vided with  spirit  level,  levelling  screws,  and  other  devices  to  insure 
<3orrectness  in  weighing  (see  Fig.  4).  AH  fine  balances  should  be 
kept  enclosed  in  a  suitable  case  provided  with  glass  sides  and  top  to 
protect  them  against  dust,  moisture,  and  corrosive  vapors;  they 
should  not  be  scoured  at  any  time,  but  simply  })olished  with  a  piece 
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of  soft  chamois  skin  or  dusted  with  a  soft  cnniel-liair  bnish  ;  under 
□o  circumstances  should  oil  or  chalk  be  used  on  the  knife  edges  or 
planes. 

Fig.  5. 


Compound   lever   balances   differ  from   those   above   described 
chiefly  in  having  the  pans  situated  above  the  beam  and  supported 


Compound  lever  balance. 


upon  rode  so  constructed  as  to  retain  their  vertical  position  during* 
oscillation  ;  they  are  less  sensitive  than  the  single  beam  prescription 
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balances,  and  are  generally  used  for  coarser  weighing.  When 
enclosed  in  a  box  they  are  known  as  "  box  scales,"  and  then  possess 
the  advantage  of  having  the  more- delfcate  parts  of  the  mechanism 
protected  against  injury. 

Figs.  5  and  6  snuw  prescription   and   counter   box   scales  con- 
structed on  the  componnd  lever  principle.     Fig.  7  represents  a  con- 
venient dispensing   balance   for   rough   presoription    work,  and  is 
intended   for  quantities    ranging    from 
30  grains  to  4  ounces;    it   is  sensitive  F'"-  '• 

to  }  grain,  and  is  provided  with  a  beam 
graduated  into  apothecaries'  and  metric 
weight  (1  to  120  grains  and  0.1  to  8.0 
Gm.)  and  carrying  a  sliding  poise. 

Special  balances  for  weighing  liquids, 
particularly  in  the  laboratory,  have  been 
found    very   convenient    on    account    of        

their  peculiar  construction,       Fij;.  8  rep-  Troemner'adlspenaing  scale. 

gents  Troemner's  new  solution  balance, 

capable  of  weighing  from  10  grammes  to  16  kilogrammes  (164  grains 
to  about  36  pounds).  The  scale  is  provided  with  an  extra  balancing 
beam,  by  which  an  empty  bottle  or  container  is  quickly  balanced 
hy  simply  sliding  the  l>alance  weight  along  until  a  correct  balance 
is  secured,  A  new  system  of  adjusting  weights,  known  as  the  ball 
system,  is  attached,  and  is  a  great  improvement  over  the  old  method 


of  using  separate  weights ;  small  weights  are  adjusted  on  the  grad- 
uated beam  in  front,  while  the  lai^r  weighfe  are  represented  by 
different  positions  of  the  balls  on  the  central  plate. 

Since  1882  great  improvements  have  been  made  in  what  are 
known  as  torsion  balances.  Tlie  chief  differences  between  torsion 
and  ordinary  balances  are  the  entire  absence  of  knife  edges  and  the 
location  of  the  centre  of  gravity  above  the  fulcrum  or  point  of 
rotation.  The  knife  edges  have  been  replaced  by  thin  steel  springs 
stretche<l  tightly  between  bearings,  the  centre  of  the  l>eam  being 
fastened  to  the  centre  of  the  strained  spring  and  at  right  angles  to 
it;  under  this  condition  the  beam,  by  the  elasticity  or  torsion  of  the 
spring,  will   vibrate  precisely  as   the  onlinary  beam  balanced   on 
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knife  edges.  The  pans  rest  upon  similar  torsiun  springs  at  the  ends 
of  the  beam  in  the  same  manner  as  tlie  central  fulcrum  of  the  beam. 
The  inherent  torsional  resistance  to  oscillation,  due  to  the  tightly 
stretched  wire  bands,  is  overcome  by  elevating  the  centre  of  gravity 
above  the  fulcrum,  by  means  of  a  weight,  to  such  a  height  that  '\t& 
tendency  to  reach  its  lowest  position  (vertically  below  the  centre  of 
rotation)  almost  neutralizes  the  total  resistance.  If,  consequently, 
the  tendency  of  the  high  centre  of  gravity  and  the  resistance  of  the 
wire  bands  are  opposed  to  such  an  extent  as  nearly  to  neutralize 
each  other,  the  sensitiveness  of  the  balance  is  established,  and  the 
slightest  weight  placed  on  the  pans  will  cause  the  beams  to  oscillate  ; 
on  the  other  hand,  the  beams  will  return  to  their  horizontal  position 
by  the  unneutralized  resistance.  The  foregoing  principle  has  been 
applied  %a  a  variety  of  balances  adapted  to  ordinary  commercial 
weighing,  as  well  as  the  more  delicate  adjustment  of  fine  prescrip- 

Fig.  9. 


Ton!  on  prescriptloa 
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tion  work  and  chemical  analysis ;  like  ordinary  balances,  they  are 
provided  with  graduated  beams  and  poise  to  be  used  in  place  of 
weights.  Fig.  9  represents  a  torsion  prescription  balance  of  fine 
adjustment,  with  all  the  parts  encloaed  in  a.  glass  case  and  fully 
exposed  to  view;  it  is  sensitive  to  1  milligramme  or  ^i^  of  a  grain,, 
and  up  to  500  milligrammes  or  8  grains  all  weights  can  be  adjusted 
by  means  of  a  rider  on  the  graduated  beam.  Fig.  10  represents  a 
torsion  counter  balance  sensitive  to  2  grains,  and  having  a  capacity 
of  20  pounds ;  it  is  also  providcil  with  a  triple  graduated  beam  for 
avoirdupois,  troy,  and  metric  weights. 

Every  pharmacist  who  lays  claim  to  doing  even  a  moderate  ))re- 
acription  business  should  have  in  his  possession  at  least  two  balanc««, 
one  of  which  may  be  used  for  weighing  quantities  ranging  from 
30  grains  to  2  or  3  ounces,  and  should  be  sensitive  to  at  least 
J  grain;  while  the  other  should  l)e  confined  to  quantities  never 
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greater  thao  2  grammes  or  30  grains,  and  should  respond  readily  to 
a  change  in  weight  amounting  to  2  or  3  milligrammes  or  ^  to  ^|j 
grain  ;  besides  these  a  larger  balance  (usually  termed  counter  scales) 


it  acale  In  Rtose  case. 


8««tion  or  triple  rider  beam  for  same. 


is  needed  for  general  trade ;  this  should  be  of  such  adjustment  as  to 
allow  accurate  weighing  thereon  of  quantities  ranging  from  ^  ounce 
to  5  or  10  pounds,  and  should  be  sensitive  to  5  or  10  grains  witli  a 
full  chai%e. 

Wei^ts  are  pieces  of  metal  designed  to  weigh  aliquot  parts  of  ■ 
the  establiahed  units;  brass  or  iron  is  used  for  the  customary  com- 
mercial weights,  while  brass  or  aluminum  is  chosen  for  weights 
employed  for  dispensing  purposes ;  platinum  is  also  occasionally 
used  for  small  prescription  weights  on  account  of  its  extreme  hard- 
ness and  resistance  to  atmospheric  influen<!efi.  Accurate  weights 
are  as  essential  as  accurate  balances,  for  one  is  rendered  unreliable 
without  the  other.  The  usual  fnrm  of  Rmaller  commcrckol  weights 
is  in  seta  known  as  box  or  block  weights,  and  ranging  from  ^ 
ounce  to  5  pounds  (Fig.  11).  Troy  weights,  as  a  mark  of  dis- 
tinction from  avoirdupois  weights, 
are  usually  sold  in  nests  of  brass 
cups  (see  Fig.  12) ;  they  run  from 
4  ounce  to  8  or  16  ounces,  and 
for  use  in  dispensing  prescriptions 
the    lower     denominations,    from     \ 

grain  up  to  2  ounces,  are   frequently 

Block  veishts.  put  up  in  boxes  or  blocks  as  shown 

m    Fig.    13.     The  smaller  dispensing 

weights  are  made  either  of  brass   or  nickel-silver,  after  the   style 

shown   in    Fig.    14,   or  of  aluminum  if  below  the  denomination 
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of  10  grains  (see  Figs.  15  and  16);  weights  less  than  ^ 
grain  are  often  indicated  liy  nieuna  of  a  sliding  poise  on  a 
graduated  beam.  The  relative  lightness  of  aluminum  adapts  this 
metal  admirably  for  use  in  weights  of  very  low  denominatioos,  ae 


i«if  O^ 


they  can  be  made  of  lai^r  size  and  consequently  be  more  con- 
veniently handled  tlmn  heavier  brass  weights.  Metric  weights  are 
made  of  iron,  brass,  or  aluminum,  in  the  same  forms  as  already 
described  for  avoirdupois  and  apothecaries'  weight. 


ai©j^ 

/" 

9\ 

to  lU)  In  east.                                    BrsMors 

[,,,-nlok 

el  pM»cri[itlDn  wcixhtB. 

In  connection  with  the  operation  of  weighing,  the  term  tare  is 
freipiently  nse<l  to  indicate  the  weight  of  the  empty  vessel  (dish, 
box,  l)ottie,  or  jar)  in  which  the  substance  (liquid  or  dry)  is  to  be 
weighed ;  grans  weight  is  the  combined  weight  of  the  substance  and 


)^^\)3m33&^ 


Aluminum  wire  weiuhlB. 


mm  grnlti  weights. 


the  container ;  net  leelt/ht  i.s  the  weight  of  the  substance  alone, 
obtained  by  subtracting  from  the  ffross  ireiffld  the  tare  of  the  con- 
tainer. Instead  of  finding  the  exact  weight  of  the  container,  the 
latter  may  l>e  simply  roHiiterpoineti  or  balanced  by  small  shot  or  dry 
coarse  sand  contained  in  a  suitable  cnp. 

Everyone  who  has  occasion  to  use  fine  balances  should  early 
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accustom  himself  to  certain  habits  of  care  and  neatuess,  whicli  will 
materially  preserve  the  sensitiveness  of  the  instrument.  The  fol- 
lowing rules  are  recommended  :  Never  allow  the  beam  to  oscillate 
»Acti  the  balance  is  not  in  use.  Immediately  afier  the  operation  of 
ueighing  is  completed  replace  tlie  weights  in  tlieir  proper  receptacle  and 
(lean  the  pans  with  a  soft  towel.  Never  weigh  deliquescent  naltt,  or 
udive  ehemicahy  such  as  iodine,  on  the  metal  pans,  but  always  on 
glass  or  in  tared  vessels.  Always  weigh  potent  or  jjoisonous  drugs  on 
stiff  gktzed  paper,  using  pieces  of  eqxiai  size  to  counterfjoiee  each 
other.  Never  place  large  weights  on  the  pans,  nor  remore  them,  while 
tlie  beam  is  in  motion,  as  the  sudden  jar  produced  by  the  change 
<^iises  uudesii-able  friction  and  destroys  tlie  sensitiveness  of  the 
balance. 

Fio.  17. 


Set  of  metric  prescrlptlou  velgbta.    (100  grammes  to  1  ceDtlgramrae.) 

Measures  are  vessels  nsed  for  determining  the  volume  of 
liquids,  and  even  dry  substances ;  the  latter  kind  do  not  concern 
the  pharmacist,  who  is  compelled,  however,  to  have  on  hand  a 
variety  of  vessels  provided  with  a]>propriate  scales  of  measure- 
ment for  liquids.  Such  vessels  are  usually  made  of  glass,  and 
are  linown  simply  as  graduates;  they  occur  of  different  capaci- 
ties from  1000  cubic  centimeters  (1  liter)  down  to  5  cubic  centime- 
ters, and  from  6-4  fluidounces  down  to  60  minims.  The  Phtenix  and 
Acme  graduates,  manufactured  in  this  country,  are  guarsinteed  to 
be  accurate  and  made  strictly  according  to  the  American  standard 
«f  apothecaries'  fluid  measure ;  since  Imperial  measure  differs  mate- 
rially from  U.  S.  fluid  measure,  graduates  made  in  England  cannot 
be  used  in  this  country  unless  they  have  been  adjusted  according  to 
the  American  standard.  Very  accurate  metric  graduates  are  also 
now  made  in  this  countrj-. 

Graduatesof  different  shapes  are  in  use — conical,  tumbler-shaped, 
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and  cylindrical  (see  Figs.  IS,  19,  20),  the  last  named  of  which, 
although  the  most  accurate,  are  but  rarely  seen  in  stores.  C^'lin- 
drical  graduates  have  a  small  diameter,  which  is  uniform  throughout 


Conical  graduate.  Tumbler-ituiped  graduali;.  Cylindrical  Kradoate. 

the  height  of  the  vessel ;  hence  errors  in  measurement  doe  to  capil- 
lary attraction  are  in  these  reduced  to  a  minimum.  For  }  and  ^  oz. 
graduates  the  diameter  is  about  \  inch ;  for  1  and  2  oz.  sizes  it 


Metric  Ould  meaiare. 

Acme  graduates. 


should  not  exceed  |  inch  ;  while  for  the  4  oz.  size,  1^  inch  diam- 
ter  will  be  ample.  For  measuring  quantities  Ices  than  two  fluid- 
oances  the  cone-shaped  graduates  will  be  found  preferable  to  the 
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tumbler-shaped,  but  difficulty  ie  often  encountered  in  cleaning  tbem 
properly,  particularly  the  smaller  sizes.  Tbe  "  Acme  "  graduates^ 
introduced  a  few  years  ago,  possess  the  advantage  of  being  flat 
on  tbe  bottom,  without  a  foot,  and  hence  are  less  likely  to  be 
upset  or  broken ;  they  are  admirably  adapt«d  for  laboratory  work, 
are  cylindrical  in  form,  of  about  tbe  same  diameter  as  tumbler- 
shaped  graduates,  and  can  be  had  for  both  metric  and  apothecaries' 
fluid  measure  (see  Figs.  21  and  22). 

Duplex  graduates,  arranged  for  apothecaries'  fluid  measure  on  one^ 
sideand  metric  fluid  measure  on  the  other,  are  not  to  be  recommended^ 
on  account  of  the  danger  of  confusion  and  the  greater  difficulty  of 
accurate  measurement. 

Like  all  glassware,  graduates  are  easily  broken,  and  as  the  first 
break  usually  occurs  at  the  base,  either  through  accident  or  careless- 
ness, gruduates  are  now  made  with  hard-rubber  bases,  the  glass  part 
being  screwed  into  the  base  and  firmly  held.  These  graduates  have 
been  patented,  and  are  sold  on  the  market  as  "  Sterling  "  graduates  ^ 
they  are  claimed  by  the  manufacturers  to  be  strictly  accurate  (see- 
Fig.  23). 

Although  minim  graduates  are  extensively  employed  for  measur- 
ing volumes  of  less  than  \  fluidounce,  it  will  be  found  more  desirable- 
to  use  minim  pipettes  (see  Fig.  24)  for  quantities 
ranging    from    5    to    60    minims;    these    instru-  fiQ-  -3. 

mente,  first  su^ested  by  Dr.  E,  R.  Squibb,  arc 
accurately  made,  and  will  be  found  very  con- 
venient. For  measuring  small  metric  volumes  the 
graduated  cubic  centimeter  pipettes  of  Dr.  Curtman 
will  be  found  very  serviceable  (see  Fig.  25) ;  they 
come  in  different  sizes — 5, 10,  and  25  Cc.  capacity — 
each  cubic  centimeter  being  divided  into  tenths, 
and  are  especially  adapted  for  pharmacopteial 
testing. 

As  to  the  proper  manner  of  holding  a  graduate 
while  measuring  liquids,  it  may  be  said  that  tiie    ■ 
firmest  hold  is  obtained  by  grasping  the  graduate       ^^^^^l^ 
with  the  leil  hand  in  such  a  manner  that  the  first     ^^^^^^^^ 
or  index  finger  encircles  the  lower  part  of  the  vessel,      ^^^D^P* 
the  thumb  resting  on  the  base  and  the  second  finger     bmcuqk graduate. 
forming  a  support  by  being  placed  under  tbe  base; 
this  leaves  ttie  third  and  fourth  fingers  free  to  remove  and   hold 
the  stopper  of  a  bottle  from  which  any  liquid  is  to  be  measured  ;  the 
mark  to  which  the  liquid  is  to  be  measure<l  should  be  on  a  level 
with  the  operator's  eye  while  the  graduate  is  held  in  an  upright 
positjon.     Owing  to  capillary  attraction,  every  liquid  contained  in  a 
graduate  will  present  two  concave  surfaces,  neither  of  which  can  be 
taken  as  the  true  level;  hence  a  correct  reading  of  the  graduation 
can  only  be  had  by  fixing  the  desired  marking  of  the  scale  inter- 
mediate between  the  upper  and  lower  edges  of  the  liquid. 
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Graduates  which  have  the  same  scale  marked  on  both  sides,  or 
which  are  encircled  by  the  markings  of  the  scale,  admit  of  more 
accurate  measurements,  and  do  not  require  that  careful  attention  to 
levelling  the  graduate  necessary  with  the  plainer  varieties. 


Fio.  24. 
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Squibb'a  minim  pipettes. 


Fig.  25. 
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Curtman'8  cubic  centimeter  pipette. 


Glass  graduates  are  best  cleaned  by  washing  with  a  mop,  using 
soap  and  water  if  necessary,  rinsing  with  clear  water  and  allowing 
the  graduate  to  drain  either  on  a  perforated  tray  or  by  hanging  in 
a  rack ;  but  never  should  a  towel  be  used  to  dry  the  graduate,  as  it 
is  apt  to  leave  lint  adhering  to  the  glass. 

Approximate  MeasTirements. — Owing  to  the  varied   density 
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of  liquids,  the  number  of  drops  contuined  in  a  certain  volume  must 
vary  greatjy  with  iJilfereiit  liquids;  moreover,  the  size  of  a  drop  is 
influenced  by  the  size  and  shape  of  the  vessel  from  wliich  the  drop 
is  allowed  to  fall — so  that  a  drop  is  a  very  uncertain  quantity  in  the 
division  of  doses  of  medicines.  The  variability  of  adhesion  to  glass 
exhibited  by  different  liquids,  and  the  rapidity  with  which  liquids 
flow  from  the  same  vessel  held  at  different  angles  of  inclination,  are 
other  factors  which  determine  the  size  of  drops,  as  is  shown  in  the 
case  of  chloroform. 

Instead  of  being  identical  with  the  minim,  drops  may  vary  from 
one-Hfth  to  one  and  one-fourth  minim. 

For  the  purpose  of  better  iUiistration,  the  following  short  table 
has  been  inserted,  showing  the  great  variability  in  size  of  drops  of 
different  liquids : 

Table  showing  the  Nitmber  of  Drops  to  k  Plvidracbh. 


^h"«'i7BSsrr 

Uquld. 

(induDte. 

Orsduale. 

«<««  Medi- 
cine Dropper 

48 

46 

128 

150 

150 

190 

120 

144 

144 

174 

108 

"  Chloride  uf  Iron    .    . 

150 

150 

190 

120 

130 

130 

154 

"         "         "     Camphorated 

90 

110 

124 

80 

90 

76 

90 

Parified  Chlorofnrm 

234 

240 

304 

160 

270 

360 

180 

Dilute  Hydrocyanic  Acid  .  .   .   . 

60 

80 

76 

(SJ  botlle) 

Graduated  medicine  gluwea. 

For  the  administration  of  medicines  certain  familiar  domestic 
measures  are  employed,  which,  although  subject  to  considerable 
variations,  are  usually  estimated  as  having  the  following  capacity  : 
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A  teaspoonful^  equal  to  one  fluidraelim  ; 

A  dessertspoonful)  equal  to  two  fluidraciims ; 

A  tablespoonful)  equal  to  one-half  fluidounee ; 

A  wineglassful)  equal  to  two  fluidounces ; 

A  teacupful,  equal  to  four  fluidounces ;  and 

A  tumblerful)  equal  to  eight  fluidounces. 

Figs.  26,  27,  and  28  represent  convenient  medicine  glasses^  well 
^adapted  to  family  use. 

These  vessels  are  now  obtainable  accurately  graduated  and  made 
to  correspond  to  apothecaries'  fluid  measure ;  hence  they  are  prefer- 
able to  the  variable  tea-,  dessert-  and  tablespoons  generally  met 
with)  and  should  be  employed  altogether  in  the  sick-room. 

The  U.  S.  Pharmacopoeia  directs  that  the  following  values  in 
metric  measure  should  be  considered  equivalent  to  the  approximate 
measurements  indicated:  4  Cc,  1  teaspoonful;  8  Cc,  1  dessert- 
spoonful; 16  Cc,  1  tablespoonful. 


CHAPTER    III. 

SPECIFIC  GRAVITY. 

A  KNOWLEDGE  of  the  subject  of  specific  gravity  is  of  importance 
to  the  pharmacist,  as  it  frequently  enables  him  to  detect  impurities 
or  to  determine  the  identity  ancl  quality  of  the  drugs  he  handles. 
Specific  gravity  does  not  indicate  absolute  weight,  but  merely  a  rela- 
tive value,  or  the  relation  between  the  volume  and  weight  of  bodies 
as  compared  with  a  standard — the  standard  for  liquids  and  solids 
being  distilled  water,  while  atmospheric  air  or  hydrogen  is  used  for 
gaseous  bodies ;  in  other  words,  specific  gravity  expresses  the  ratio 
between  the  weight  of  any  gaseous,  liquid,  or  solid  body  and  that  of 
an  eaual  volume  of  the  respective  standard. 

Toe  terms  specific  gravity  and  density  are  frequently  used  synon- 
ymously in  pharmacy  and  chemistry.  In  physics  density  is  defined 
to  be  the  mass,  or  quantity  by  weight,  of  a  substance  in  a  unit  vol- 
ume, the  latter  being  either  a  cubic  centimeter,  as  in  the  metric 
system,  or  a  cubic  loot,  as  in  the  English  system.  In  the  metric 
system,  where  density  expresses  the  number  of  grammes  in  a  cubic 
centimeter  of  a  homogeneous  substance,  density  is  identical  with  spe- 
cific gravity  referred  to  water  at  4°  C.  (39.2°  F.),  since  the  gramme 
is  the  mass  or  weight  in  a  cubic  centimeter  of  water  at  4°  C.  (39.2° 
F.),  and  thus  comparison  with  the  accepted  standard  is  established. 
This  identity,  however,  vanishes  if  the*  specific  gravity  has  been 
referred  to  water  at  a  higher  temperature ;  and  although  the  differ- 
ence between  density  and  specific  gravity  at  such  higher  tempera- 
tures may  not  be  very  great,  it  is  sufficient  to  destroy  identity,  since 
1  cubic  centimeter  of  water  above  4°  C  weighs  less  than  1  gramme. 
In  pharmacy  and  chemistry  these  slight  differences  are  practically 
ignored,  and  hence  the  terms  density  and  specific  gravity  are  gener- 
ally used  interchangeably,  namely,  to  express  the  ratio  between  the 
mass  of  a  unit  volume  of  water  and  the  mass  of  a  unit  volume  of 
the  substance  being  tested.  In  the  English  system,  where  the  cubic 
foot  is  taken  as  the  iinit  of  volume,  density  will  be  expressed  by  a 
number  62.4  times  as  great  as  the  number  indicating  the  specific 
gravity  of  a  substance  at  4°  C.  (39.2°  F.),  since  a  cubic  foot  of  water 
at  4?  C.  (39.2°  F.)  weighs  62.4  pounds,  or,  in  other  words,  contains 
62.4  units  of  mass.  The  variations  in  weight  of  a  cubic  foot  of  water 
at  temperatures  above  4°  C.  (39.2°  F.)  would  have  the  effect  of  in- 
creasing this  ratio  (62.4)  between  density  and  specific  gravity. 

As  the  volume  of  all  bodies  varies  with  temperature,  it  is  essential 
that  the  comparison  of  weights  be  made  at  some  fixed  temperature. 
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On  scientific  principles  and  for  the  sake  of  uniformity  it  is  desirable 
that  specific  gravity  always  be  referred  to  water  at  4°  C.  (39.2°  F.). 
In  some  countries  this  temperature,  at  which  pure  water  assumes  its 
greatest  density  is  taken  for  the  comparison  of  weights,  while  in  the 
United  States  Pharmacopoeia  25°  C.  (77°  F.)  has,  with  very  few  ex- 
ceptions, been  fixed  as  the  standard  temperature ;  Great  Britain  has 
adopted  15.5°  C.  (60°  F.),  and  Germany,  15°  C.  (59°  F.).  As  the 
comparison  of  weight  of  equal  volumes  of  bodies  may  be  made  at  any 
temperature  desired  or  convenient,  and  as  the  specific  gravity  will 
vary  accordingly,  it  is  necessary  to  state  the  temj>erature  in  connec- 
tion with  specific  gravity;  for  instance,  to  say  that  a  liquid  has  the 
specific  gravity  1.42  would  not  indicate  at  what  temperature  the 
liquid  had  been  weighed,  nor  would  it  indicate  comparison  with 
water  at  any  fixed  temperature.  To  say  that  a  liquid  has  the  specific 
gravity  1.42  at  15°  C.  would  still  leave  a  doubt  as  to  the  tempera- 
ture at  which  an  equal  volume  of  pure  water  had  been  weighed  for 
comparison,  for  it  may  have  been  4°  C,  12°  C,  or  even  25°  C, 
and  in  either  case  the  specific  gravity  named  would  not  be  correctly 
stated.  To  say,  however,  that  a  liquid  has  the  specific  gravity  1.42 
at  15°  C.  ns  compared  xoith  water  at  the  same  temperattirey  leaves  no 
room  for  doubt  as  to  the  true  ratio  existing  between  the  liquid  and 
water — it  therefore  expresses  true  specific  gravity.  The  United 
States  Pharmacopoeia  (1 900)  expressly  states  that  all  of  its  specific 
gravities  are  to  be  considered  as  taken  at  25°  C.  and  compared  with 
water  at  the  same  temperature,  whenever  no  special  temperature  is 
mentioned. 

Generally  it  will  be  found  more  convenient  to  weigh  substances 
at  ordinary  room  temperature,  22°  0.  (71.6°  F.)  than  to  cool  them 
to  4°  C.  or  even  to  15°  C.  and  keep  them  cool  while  weighing,  and 
therefore,  assuming  that  for  the  majority  of  pharmacists  in  the  United 
States  a  temperature  of  25°  C.  (77°  F.)  would  at  all  times  be  more 
easily  attainable  and  controllable,  the  Pharmacopoeia  has  adopted 
this  temperature  as  the  official  standard  for  taking  specific  gravity. 
This  temperature  is  but  very  few  degrees  above  the  average  room 
temperature,  and  by  using  it,  the  annoying  feature  of  the  condensa- 
tion of  atmospheric  moisture  on  the  apparatus  employed  is  over- 
come. 

Whenever  a  body  has  been  weighed  at  a  temperature  different 
from  that  at  which  the  standard  volume  of  water  has  been  fixed,  it 
is  customary  to  indicate  this  difference  by  writing  both  temperatures 
in  the  form  of  a  fraction,  the  temperature  at  which  the  water  was 
weighed  l)eing  always  written  as  the  denominator  and  the  tempera- 
ture at  which  the  body  being  tested  is  weighed  as  the  numerator ; 

thus,  the  expressions  0.927  at  ^  C,    1.250  at  ^  C,  and  1.340 

4  15 

25° 
at  o^  C,  indicate  specific  gravities  found  at  15°  C.  and  25°  C* 
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as  compared  ^vith  or  referred  to  water  at  4°  C,  15°  C,  and  25°  C, 
respectively. 

Barometric  pressure  is  not  without  effect  on  the  relation  between 
the  volume  and  weight  of  bodies ;  hence  absolute  specific  gravity^ 
like  absolute  weight,  is  obtainable  only  in  vacuo  ;  for  pharmaceutical 
purposes  this  difference  is  always  ignored  and  the  barometric  pressure 
assumed  to  be  normal,  760  Mm.  or  30  inches. 

The  specific  gravity  of  a  solid  or  liquid  is  always  expressed  by  a 
number  which  shows  how  much  heavier  or  lighter  the  weight  of  a 
certain  volume  of  water  is  than  the  weight  of  the  same  volume  of 
that  solid  or  liquid ;  and  the  specific  gravity  of  a  gaseous  body  is 
expressed  by  a  number  which  shows  how  much  heavier  or  lighter 
the  weight  of  a  certain  volume  of  atmospheric  air  (or  hydrogen)  is 
than  the  weight  of  the  same  volume  of  that  gaseous  body.  The 
specific  gravity  of  water  is  therefore  stated  to  be  1,  and  the  specific 
gravity  of  air  (or  hydrogen)  is  likewise  stated  to  be  1.  The  following 
simple  rule  may  be  given  for  finding  the  specific  gravity  of  any 
liquid  or  solid  substauce  by  calculation  :  Divide  the  weight  of  a  given 
volume  of  any  liquid  or  solid  by  the  weight  of  an  equal  volume  of 
distilled  water,  both  weighings,  if  possible,  having  been  made  at 
the  same  temperature.     The  quotient  expresses  the  specific  gravity. 

SPEGIFIO  GRAVITY  OF  LIQUIDS. 

The  determination  of  the  specific  gravity  of  liquids  is  far  more 
frequently  required  than  is  that  of  solids.     The  different  instruments 
employed  for  that  purpose  are  specific  gravity  flasks  or  pycnometers, 
loaded  glass  cylinders,  specific  gravity  beads,  and  specific  gravity 
spindles  or  hydrometers.     Any  small  ilask,  of  25  or  50  Cc.  capacity, 
with  a  long,  narrow  neck  and  made  of  thin  glass,  will  answer  as  a 
specific  gravity  bottle.     Its  weight,  or  tare,  is  first  carefully  ascer- 
tained and  noted  ;  pure  water  is  then  poured  into  the  flask  until  it 
reaches  a  short  distance  up  into  the  neck,  when  a  mark  should  be  made 
with  a  file  at  the  upjjer  and  lower  edge  of  the  meniscus  or  concave  sur- 
face ;  having  noted  the  temperature  of  the  water,  the  flask  and  con- 
tents are  weighed,  and  from  this  weight  the  tare  of  the  flask  is  deducted, 
the  remainder  being  the  weight  of  that  particular  volume  of  pure 
water  at  the  given  temperature.     The  tare,  temperature,  and  weight 
of  water  are  carefully  etched  on  the  side  of  the  flask,  which  is  now 
ready  to  be  used  for  taking  the  specific  gravity  of  any  liquid,  by 
filling  it  to  the  mark  in  the  neck  with  the  liquid  to  be  tested,  then 
weighing  and  dividing  the  net  weight  of  the  liquid  by  the  weight 
of  the  water,  the  quotient  being  the  specific  gravity  of  the  liquid. 
Suppose  the  flask  weighs  324  grains  and  holds,  up  to  the  mark,  647 
grains  of  water;  filled  to  the  mark  with  sulphuric  acid,  it  weighs 
1511.5  grains,  which  leaves  1511.5  —  324=^1187.5  grains  as  the 
weight  of  the  acid.     Now  applying  the  rule,  to  divide  the  weight 
of  a  given  volume  of  a  liquid  by  the  weight  of  the  same  volume  of 
water,  the  specific  gravity  is  found  to  be  1187.5  -^  647  -  1.835  +. 
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Small  glaas-Btoppered  flasks,  graduated  to  hold  100,  250,  600,  or 
1000  grains  of  distilled  water  at  15.6°  C.  (60°  F,),  are  a  more  con- 
venient fonn  of  pycnometer ;  they  come  packed  in  tin  ca^es,  and  are 
accompanied  by  a  metal  counterpoise  to  balance  the  empty  bottle 
(see  Fig.  29).  In  using  these  flasks  it  is  necessary  to  fill  them  with 
the  liquid  to  be  tested,  to  a  little  above  the  mark  in  the  neck  to 
which  the  glass  stopper  reaches  when  inserted,  so  that  the  air  and 
small  excess  of  liquid  shall  be  forced  out  through  the  capillary  tube 
drilled  through  the  stopper.  The  liquid  to  Iw  tested,  naving  the 
same  temperature  as  tliat  at  which  the  flask  has  been  adjusted,  may 
be  weighed,  after  wiping  the  flask  dry,  when,  in  the  case  of  the  100- 
or  lOOO^rain  bottle,  the  weight  at  once  expresses  the  specific  gravity 
by  simply  placing  the  decimal  point  correctly,  without  further  cal- 
culation ;  for,  as  the  weight  of  water  (100  or  1000  grains)  is  to  the 
weight  of  the  same  volume  of  any  liquid,  so  is  the  specific  gravity 


■toppered  speslfle  gtavU;  botUe  with  tin  cue  snd  connttrpoiie. 


of  water  (1,000)  to  the  specific  gravity  of  that  liquid.  Example: 
If  the  100-grain  bottle  be  found  to  hold  141.5  grains  of  a  certain 
acidjthespecificgravityofthatacid  will  be  1.415;  for  100  :  141.5  :; 
1.000  :  X.  x^  1.415. 

Some  pycnometers  are  graduated  to  hold  a  definite  weight  of  dis- 
tilled water  at  4"  C,  while  others  may  be  gradiiated  at  12°  C,  16° 
C,  15.5°  C,  20°  C,  25°  C,  or  some  other  temperature.  Hence,  if 
the  weighing  of  other  liquids  be  made  in  such  pycnometers  at  a 
higher  or  lower  temperature  than  the  one  at  which  the  flask  has  been 
graduated,  a  suitable  correction  must  be  made  for  the  expansion 
or  contraction  of  water  at  such  temperatures,  the  change  in  the 
glass  being  usually  ignored,  since  it  amounts  to  but  very  little.  A  flask 
graduated  to  bold  25  grammes  of  distilled  water  at  4°  C.  will  hold  bat 
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24,979  grammes  at  15°  C,  and  only  24.9285  grammes  at  25°  C.  The 
cubical  expansion  of  water  and  other  liquids  is  not  uniform  for  each 
degree  of  rise  in  temperature^  and  hence  a  correction  by  means  of 
an  addition  or  subtraction  factor  cannot  be  made.  If  a  pycnometer 
be  graduated  at  a  fixed  temperature^  and  be  filled  with  any  other 
liquid  at  a  higher  or  lower  temperature,  the  specific  gravity  of  that 
liquid,  as  referred  to  water  at  such  different  temperature,  can  be 
found  only  if  the  weight  of  a  like  volume  of  water  at  the  same 
temperature  as  that  of  the  liquid  be  first  ascertained,  either  by  actual 
experiment  or  by  reference  to  the  subjoined  table. 

Weight  op  1  Cubic  Cbntimeteb  op  DiarnxEn  Water  at  dippebent 

Temperatubes. 


At  O^C. 

—  0.99988  Gramme, 

At  18«»  C 

—  0.99866  Gramme 

V 

=  0.99993 

19* 

—  0.99848 

2*> 

—  0.99997 

20° 

—  0.99827 

3^ 

=  0.99999 

210 

—  0.99806 

4^ 

=  1.00000 

22° 

=  0.99785 

5«» 

=  0.99999 

23° 

—  0.99762 

6° 

-  0.99997 

24° 

—  0.99738 

70 

=  0.99993 

25° 

—  0.99714 

8** 

—  0.99989 

30° 

—  0.99579 

9° 

—  0.99982 

35° 

—  0.9944 

IQo 

=  0.99974 

37° 

—  0.9934 

11*» 

—  0.99965 

40° 

—  0.9924 

12» 

=  0.99955 

45° 

—  0.9904 

13<» 

=  0.99943 

50° 

—  0.9881 

14*> 

—  0.99930 

W)° 

—  0.9833 

15** 

=  0.99915     . 

70° 

—  0.9778 

15.5*» 

=  0.99908 

80° 

—  0.9718 

I60 

—  0.99900 

90° 

—  0.9656 

17** 

=  0.99884 

100° 

—  0.9586 

The  following  examples  will  serve  to  illustrate  the  usefulness  of 
the  table : 

If  a  bottle  graduated  to  hold  25  grammes  of  distilled  water  at  4^ 

C.  is  found  to  hold  27.6  grammes  of  another  liquid  at  25°  C,  the 

U.  S.  Pharmacopoeial  standard  temperature,  what  will  be  the  specific 

25° 
gravity  of  that  liquid  at  k^  C.  ?    By  reference  to  the  table  we  find 

that  a  cubic  centimeter  of  water  weighs  1.0  gramme  at  •4°  C,  but 

only  0.99714  gramme  at  25°  C. ;  hence  a  volume  of  water  which 

99714 
weighs  25  grammes  at  4°  C.  will  weigh  Tqqqqq  of  25  grammes  at 

26°  C,  or  25X0.99714,  which  is  equal  to  24.9285  grammes. 
Applying  the  rule  for  finding  specific  gravities,  and  dividing  27.5  by 
24.9285,  we  have  1.103+  as  the  specific  gravity  of  the  liquid  at 

25°  ^' 

What  will  be  the  specific  gravity  of  a^liquid  according  to  the 

25^  25° 

official  standard,  25^  C,  if  found  to  be  1.310  atTvr^  C.  ?    As  the 


52  GENERAL  PHARMACY. 

specific  gravity  was  founil  by  dividiog  the  weight  of  the  liquid  at 
25°  C.  by  the  weight  of  an  equal  volume  of  water  at  15.5°  C,  each 
cubic  centimeter  of  the  liquid  must  have  weighed  1 .3087948  ^uumer:, 
nince  the  liquid  appears  1.31  times  as  heavy  as  water,  and  1  cubic 
centimeter  of  water  weighs  0.99908  gramme  at  16.5°  C,  as  stated  in 
the  table  A  cubic  centimeter  of  water  at  25°  C,  however,  weighs 
0.99714  gramme,  and  as  a  cubic  centimeter  of  the  liquid  at  the  same 


Squjbb'a  Improved  speclBc  gravll]r  boUlca. 

temperature  has  been  found  to  weigh  1.3087948  grammes,  the  specific 

gravity  at  ^   C.  must   be   1.3125+,  for   1.3087948   divided   by 

0.99714  is  equal  to  1.8126 -I-. 

With  the  view  of  overcoming  the  difficulties  usually  encountered 
in  regard  to  temperature,  and  of  insuring  more  accurate  results,  ihe 
late  Dr.  E.  R.  Squibb  had  constructed  a  set  of  specific  gra\ity 
bottles  which  are  e<iuaHy  well  adapted  for  measuring  accurately  the 
standard  water  vohime  at  any  temperature  from  0°  C.  to  26°  C,  and 
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in  which  liquids  can  without  loss  be  brought  to  room-temperature 
(or  even  25°  C,  77°  F.)  for  weighing  (see  Fig.  30).  As  sieen  in  the 
illustration,  the  bottles  may  be  made  of  such  size  as  to  hold  any 
desired  weight  of  distilled  water.  They  are  provided  with  a  long, 
narrow  tube  stop|>er  graduated  into  J  millimeters  from  0  to  50  or  100, 
to  which  is  attached  a  safety  reservoir  fitted  with  a  ground-glass 
stopper.  The  capacity  of  the  bottles  is  so  adjusted  that  the  pre- 
scribed weight  of  recently  boiled  distillkl  wdter  will  reach  to  the  0 
mark,  or  a  little  above  it,  when  the  bottle  and  contents  have  been 
kept  in  a  bath  of  melting  ice  at  0°  C.  (32°  F.)  for  fifteen  minutes 
or  until  the  volume  ceases  to  recede.  The  height  to  which  this 
.same  weight  of  distilled  water  will  rise  in  the  graduated  tube  at  any 
higher  temperature  can  be  readily  ascertained  by  immersing  the 
bottle  and  contents  in  a  water-bath  kept  at  the  desired  tempera- 
ture until  the  column  ceases  to  rise.  By  keeping  a  memorandum  of 
the  height  of  the  column  in  ^millimeter  divisions  to  which  the  pre- 
:scribed  weight  of  distilled  water  will  rise  at  any  stated  temperature, 
an  equal  volume  of  any  other  liauid  at  the  same  temperature 
may  readily  be  obtained,  accurate  adjustment  being  made  by  means 
of  very  narrow  strips  of  blotting-board  passed  down  the  bore  of 
the  graduated  st^m  for  the  purpose  of  absorbing  and  removing 
minute  quantities  of  liquid.  Having  found  the  weight  of  such  a 
volume  of  any  liquid,  the  specific  gravity  of  that  liquid,  as  com- 
pared with  water  at  the  same  temperature,  can  be  quickly  ascer- 
tained by  dividing  the  weight  found  by  the  prescribed  weight  of 
water. 

Since  glass  bottles  contract  appreciably  for  two  years  or  more 
rafter  they  have  been  made,  the  graduations  should  be  verified  every 
«ix  months  or  more  until  contraction  has  ceased,  a  memorandum  of 
the  changes  being  kept  for  reference  when  the  bottle  is  to  be  used  ; 
thus  the  point  for  the  volume  at  4°  C.  may  have  advanced  2  or  3 
■divisions  of  the  scale,  and  similarly  for  any  temperature  volume. 
The  bottles  are  always  used  in  a  bath  of  either  warmed  or  cooled 
•water,  and  when  the  volume  does  not  change  for  five  minutes,  as 
indicated  by  the  graduated  scale,  the  contents  of  the  bottle  may  be 
Icnown  to  have  assumed  the  temperature  of  the  bath  as  ascertained 
\yy  means  of  a  delicate  thermometer.  A  leaden  collar  is  used  to 
keep  the  bottles  steady  in  the  bath. 

Besides  taking  the  specific  gravity  of   liquids  by  means  of  a 

I)ycnometer,  accurate  results  may  also  be  obtained  with  the  so-called 
oaded  cylinder.  Its  use  is  based  on  the  law  formulated  by  Archi- 
medes, a  Greek  philosopher,  that  all  bodies  immersed  in  a  liquid  are 
buoyed  up  with  a  force  equal  to  the  weight  of  the  liquid  displaced 
by  them,  and  thus  appear  to  lose  weight.  For  instance,  a  piece 
of  metal  the  size  of  1  cubic  inch,  when  immersed  in  water,  will 
«xert  as  much  less  pressure  on  the  bottom  of  the  container  as  will 
«qnal  the  weight  of  1  cubic  inch  of  water — ^a  fraction  over  252  grains 
— and  hence  will  weigh  252  grains  less  in  water  than  in  air.    Float- 
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ing  bodies  always  displace  their  own  weight  of  water  irrespective  of 
their  volume,  while  immersed  bodies  always  displace  their  own 
volume  of  water  irrespective  of  their  weight.  All  bodies,  therefore, 
which  weigh  less  than  an  equal  volume  of  water  are  sure  to  float  in 
that  liquid,  only  so  much  of  the  body  tteiog  immersed  as  corre- 
sponds in  volume  to  a  weight  of  water  equal  to  the  weight  of  the 
whole  body  ;  on  the  other  hand,  all  bodies  weighing  more  than  an 
equal  volume  of  wafer  must  sink  in  that  liquid  and  be  completely 
immersed,  as  the  downward  pressure  of  the  body  exceeds  the  upward 
pressure  or  buoyant  force  of  an  equal  volume  of  water. 

The  loaded  cylinder,  as  shown  in  Fig.  31,  consists  of  a  glass  tube 
partly  filled  witli  mercury,  and  sealed  at  the  top,  to  which  is  affixed 

a  hook  for  convenient  suspension  to  a  scale 
Fio.  31.      beam.     Having  weighed  tJie  cylinder  in  air        Fi«-  32. 
and  then  in  pure  water,  at  any  given  tempera- 
ture, the  weight  of  an  equal  volume  of  water 
is  ascertained  by  subtracting  the  weight  in 
water  from  the  weight  in  air ;  the  cylinder  is 
then  weighed  in  any  desired  liquid  at  the  same 
temperatureasthe  water,  and  tneloss  in  weight 
again  noted,  which  is  the  weight  of  an  equal 
volume  of  that  liquid.     The  volume  of  the 
liquid  to  be  tested,  being  equal  to  the  volume 
of  the  cylinder,  must  be  equal  to  the  volume 
of  water  also,  for  thines  that  are  equal  to  the     ,., 
same  thing  are  equal  to  each  other;  by  divid-        plummet. 
ing  the  weight  of  the  given   volume  of  the 
liquid  by  the  Weight  of  the  same  volume  of  water,  the  spe- 
cific gravity  of  the  liquid  is  obtained.  Example:  A  loaded 
cylinder  weighs  in  air  150  grains,  and  in  water  120  grains^ 
loss  of  weight  in  water  30  grains;  immersed  in  sulphuric 
acid  it  weighs  96  grains,  showing  a  loss  of  64   grains ; 
equal  volumes  of  the  acid  and  water  weighing  64  and  30 
^^dcr     grains  respectively,  the  specific  gravity  of  the  acid  must  he 
1.800,  for  54  ^30  =  1.8. 
When  only  a  small  quantity  of  liquid  is  available  for  taking  the 
specific  gravity  the  loaded  cylinder  may  be  replaced  by  a  small 
glass  or  platinum  weight  of  the  shape  shown  in  Fig.  32  ;  or  Grauer's 
method  may  be  followed.     This  consists  in  using  a  small  pipette 
having  a  fine  orifice  at  one  end,   and  at   the   njiper  end  a  short 
piece  of  rubber  tubing  closed  by  a  pinchcock  ;  a  mark  is  made  on 
the  glass  stem,  showing  the  height  to  which  a  convenient  <juantity 
of  water  rises  (say  1.0  Gm.  or  1.0  Cc),  and  enough  of  the  liquid  to 
be  tested  is  drawn   up  through  the  tube  to  the  mark  previously 
made,  the  tube  is  closed,  and  the  whole  then  weighed;  the  weight 
of  the  liquid  in  grammes  expresses  the  specific  gravity  with  suffi- 
cient accuracy  for  all  practical  purposes,  as  water  increases  its  vol- 
ume from  i°  to  100°  C.  only  to  the  extent  of  0.012,  or  about  ^. 


SPECIFIC  GRAVITY.  65 

The  principle  of  the  loaded  cylinder  has  been  utilized  in  the  coa- 
stniction  of  the  Mohr  specific  gravity  balance,  of  which  the  West^ 
phal  modification  is  a  most  desirable  improvement  (see  Fig.  33). 
The  specific  gravity  of  a  liquid  can  be  quickly  taken  at  any  temper- 
ature between  7°  and  30"^  C,  since  the  loaded  cylinder  has  been 
replaced  by  a  short  glass  thermometer,  which  is  suspended  from  the 
end  of  the  beam  by  a  thin  platinum  wire ;  the  acgustment  having 
been  made  at  15°  C,  a  slight  variation  will  be  observed  for  any 
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higher  or  lower  temperature.  The  small  thermometer  has  a  range 
of  twenty- three  degrees  on  the  centigrade  scale,  and,  when  suspended 
in  air  from  the  longer  arm  of  the  beam,  establishes  perfect  equilib- 
rium ;  when  completely  immersed  in  distilled  water  at  15°  C.  it 
displaces  its  own  volume  of  the  water  and  is  buoyed  up  by  a  force 
equal  to  the  weight  of  the  water  displaced — equilibrium  of  the  beam 
being  re-established  by  attaching  the  necessary  counterpoise,  which 
is  called  1.000 :  at  7,5°  C  the  necessary  weight  was  found  to  be 
1.001,  while  at  27°  C.  it  was  0.998.     As  seen  in  the  illustration,  the 


56  GENERAL  PHARMACY, 

longer  arm  of  the  beam  is  accurately  divided  into  ten  even  spaces, 
and  the  weights,  or  riders,  used  to  counterbalance  the  thermometer 
when  immersed  in  any  liquid,  are  made  of  brass  and  aluminum ; 
they  are  so  constructed  that  each  smaller  rider  is  of  exactly  ^  the 
value  of  the  next  larger,  the  largest  rider  and  the  counterpoise  used 
to  balance  the  thermometer  in  water,  however,  being  of  the  same 
weight  or  value.  Without  the  necessity  for  calculation,  if  the  tem- 
perature of  the  liquid  be  at  15°  C,  the  specific  gravity  of  the  liquid 
<5an  be  at  once  read  off,  after  the  equilibrium  of  the  beam  has  been 
^established ;  for  instance,  in  testing  alcohol  at  15^  C,  the  counter- 
poise necessary  to  balance  the  beam  in  water  will  be  found  too 
heavy  if  attached  at  the  same  point  in  alcohol,  hence  it  is  removed 
and  the  largest  rider  is  place<l  in  the  first,  or,  if  necessary,  in  the 
second  notch  on  the  beam,  where  it  may  appear  a  little  too  light,  and 
then  the  smaller  riders  are  added  as  may  be  necessary  to  balance  the 
beam  perfectly.  The  value  of  each  of  the  two  larger  riders,  when 
suspended  from  the  end  of  the  beam,  is  considered  as  1.000,  while 
the  three  smaller  riders  are  valued  at  0.100,  0.010,  and  0.001 
respectively ;  when  removed  to  the  top  of  the  beam  the  value  of  each 
rider  is  reduced  by  ^  for  every  notch.  If  one  of  the  large  riders 
l)e  placed  at  the  notch  marked  8,  a  second  rider  at  2,  and  a  smaller 
rider  at  1,  the  specific  gravity  of  the  alcohol  must  be  read  as  0.821. 
In  the  case  of  chloroform  and  all  other  liquids  specifically  heavier 
than  water,  the  large  counterpoise  is  suspended  from  the  end  of  the 
beam,  and  the  other  riders. are  placed  in  the  notches  as  may  be  neces- 
sary ;  thus  chloroform  may  require  all  four  riders  on  the  beam,  the 
largest  at  4,  the  second  at  8,  and  the  smaller  two  at  9,  which  would 
be  read  as  1.4899  specific  gravity.  Whenever  two  riders  of  different 
weight  are  required  in  the  same  notch  on  the  beam,  the  lighter  of 
the  two  is  suspended  from  the  hook  of  the  heavier,  as  shown  in  Fig. 
34 ;  thus  the  specific  gravity  of  liquids  can  be  read  with  accuracy 
to  four  decimal  places.  The  Mohr  or  Westphal  balance  cannot  be 
used,  however,  if  only  very  small  quantities  of  liquid  are  available, 
as  sufficient  liquid  is  required  to  immerse  the  glass  thermometer 
completely. 

Specific  gravity  beads,  also  known  as  Lovi's  beads,  are  small, 
sealed,  pear-shaped  glass  bulbs  of  various  specific  weights,  which 
have  been  carefully  ascertained  and  are  marked  on  them ;  these 
beads  will  float  indifferently  in  any  liquid  having  the  same  sjx^cifie 
jjravity,  and  may  be  used  in  adjusting  liquids  to  a  fixed  specific 
jri'avity  by  dilution  or  evaporation.  If  a  bead  marked  0.93  be 
placed  in  ajar  of  alcohol,  it  will  sink — unless  the  liquid  happens  to 
he  official  diluted  alcohol — but  will  slowly  rivse  upon  the  addition 
of  water,  until  a  sufficient  quantity  has  been  added  to  increase 
the  specific  gravity  of  the  mixture  to  that  indicated  on  the  bead, 
when  it  will  float  about  midway  in  the  liquid.  Results  obtained 
with  specific  gravity  beads  are  never  so  accurate  as  with  other 
methods. 
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Hydrometers,  or  areometers,  are  instruments  intended  to  indicate 
either  the  density  or  the  specific  gravity  of  liquids,  and  in  some  cases 
also  the  percentage  by  volume  or  weight  of  certain  liquids.  They 
consist  of  a  glass  tube  having  a  bulb  blown  at  one  end,  a  little 
above  which  the  tube  is  usually  expanded  cylindrically  for  a  short 
distance,  and  then  terminates  in  a  long  stem  in  which  is  securely  fast- 
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Showing  the  manner  of  reading  the  specific  gravities. 

cned  a  graduated  paper  scale  (see  Fig.  35).  The  bulb  is  filled  with 
mercury  or  small  shot,  so  as  to  enable  the  instrument  to  assume  a 
vertical  position  when  floated  in  any  liquid.  Hydrometers,  like  all 
floatioe  bodies,  displace  their  own  weight  of  a  liquid  and  sink  in  it 
to  a  depth  pro}X)rtional  to  the  volume  of  liquid  displaced,  which 
volume  is  equal  in  weight  to  the  weight  of  the  instrument;  thus,  by 
comparison  of  volumes  displaced,  the  densities  and  specific  gravities 


58 


GENERAL  PHARMACY. 


Fig.  35. 


of  various  liquids  can  be  ascertained.  While  the  ereat  majority  of 
hydrometers  are  so  constructed  that  with  constant  weight 
they  will  sink  to  varying  depths  in  different  liquids^  some 
are  made  to  sink  to  a  uniform  depth  in  all  liquids  by 
the  addition  or  subtraction  of  weights,  and  the  density 
or  specific  gravity  is  calculated  n*om  such  change  of 
weight;  this  latter  class  can  also  be  conveniently  used  for 
taking  the  specific  gravity  of  solids. 

Specific  gravity  hydrometers  are  made  with  the  unit 
mark  1.000  at  a  point  to  which  the  instrument  sinks  in 
distilled  water  at  noj^mal  temperature  (usually  16.6°  C.  or 
60°  F.),  and  then  have  the  scale  carried  above  and  below 
this  point;  each  mark  on  the  scale  indicating  either  0.001^ 
or  0.005,  or  0.010,  according  to  the  intended  delicacy  of 
the  instrument.  As  specific  gravities  of  liquids  range 
from  0.700  to  above  2.00,  the  tube  of  a  hydrometer  carry- 
ing such  a  scale  would  have  to  be  inconveniently  long  to 
Eermit  of  a  fair  reading  of  it;  hence  specific  gravity 
ydrometers  usually  come  in  sets  of  four,  ranging  from 
0.600  to  1.000,  from  1,000  to  1.400,  from  1.400  to 
1.800,  and  from  1.800  to  2.200.  When  intended  for 
testing  the  specific  gravity  of  special  liquids  the  scale 
is  usually  much  shorter,  and  thus  permits  oi  more  accurate 
graduation. 

By  far  the  larger  number  of  hydrometers  are  intended 
for  determining  tne  density  of  liquids  irrespective  of  spe- 
cific gravity;  they  are  extensively  employed  for  technical 
purposes,  and  are  based  on  arbitrary  scales,  no  two  of 
which  agree,  but  which  can  be  converted  into  specific 
gravity  by  certain  rules.  To  this  class  belong  Baum^'s^ 
Twaddell's,  Cartier's,  SJanetti's,  Sikes',  BecVe,  Jones'^ 
and  other  hydrometers.  Since  Baum^'s  hydrometers  are 
largely  used  by  manufacturing  chemists  in  this  country, 
and  the  degrees  Baum4  are  often  stated  on  labels,  the 
instrument  is  of  special  interest  to  pharmacists. 

Baum^  devised  two  hydrometers,  one  for  liquids  heavier 
than  water  and  the  other  for  liquids  lighter  than  water; 
the  former  was  called  Pese-Acide^  or  Pese-Siropy  and  the 
latter  Pese-Esprit.  For  liquids  heavier  than  water  the 
zero  was  placed  at  the  point  to  which  the  instrument 
distilled  water  at  15.6°  C.,  and  the  point  to  which  it 
sank  in  a  solution  of  15  parts  of  dry  table  salt  and  85  ])arts  of 
distilled  water,  also  at  15.6°  C,  was  marked  15;  the  distance 
between  these  two  points  was  then  divided  into  15  equal  parts, 
called  degrees,  and  the  scale  extended  as  far  as  the  length  of  the  tube 
would  permit.  The  zero  for  liquids  lighter  than  water  was  found 
by  immersing  the  instrument  in  a  solution  of  10  parts  of  dry  table 
salt  and  90  parts  of  distilled  water  at  1 5.6°  C.  in  such  a  way  that 


Hydrome- 
ter, plain. 


sank 


m 


SPECIFIC  GRAVITY, 


5& 


Fio.  36. 


Fio.  37. 


t 


10 


20 


lO     i- 


40  -r 


70 


60 


t 


«0-  r 


40    £■ 


do 


SO 


10  -3- 


the  long  stem  would  be  almost  entirely  out  of  the  liquid ;  the  point 
to  which  the  instrument  sank  in  distilled  water^  also  at  15.6^  C.^ 
was  marked  at  10^  the  space  between  the  two  points  being  divided 
into  10  equal  parts  and  the  scale  extended  as  in  the  other  case.  The 
slightest  error  in  obtaining  the  first  interval  is  increased  upon  exten- 
sion of  the  scale ;  hence  it  is  almost  impossible  to  find  two  instru- 
ments adjusted  by  the  old  method  to  correspond  exactly.  A  more 
accurate  and  equally  practicable  method 
is  to  obtain  the  exact  specific  gravity 
of  two  liquids  compared  with  distilled 
water  at  a  fixed  temperature,  place  these 
at  the  extremes  of  the  scale,  and  then 
divide  the  intervening  space  into  the 
requisite  number  of  degrees.  The 
liquids  chosen  in  this  country,  for 
liquids  heavier  than  water,  are  con- 
centrated sulphuric  acid  having  the 
specific  gravity  1.8354  at  15.6°  C., 
and  distilled  water;  and  for  liquids 
lighter  than  water,  highly  rectified 
ewer  having  the  specific  gravity  0.725 
at  15.6°  C,  and  distilled  water;  the 
space  between  the  points  to  which  the 
hydrometer  sinks  in  the  water  and 
the  acid  is  divided  into  66  parts,  or  de- 
grees, and  the  space  between  the  points 
to  which  it  sinks  in  the  ether  and  the 
water  into  53  parts.  For  all  liquids 
heavier  than  water  the  scale  is  read 
from  above  downward,  while  for  liq- 
uids lighter  than  water  it  is  read 
from  below  upward  (see  Figs.  36 
and  37). 

As  it  is  frequently  desirable  to  know 
the  specific  gravity  for  any  given  de- 
gree on  the  Baum^  scale,  and  vice  versa, 
the  following  rules  have  been  formu- 
lated. 

For  liquids  heavier  than  water  :  Subtract  the  degree  Baum^  from 
145  and  divide  the  remainder  into  145  to  find  the  specific  gravity. 

Divide  145  by  the  specific  gravity  and  subtract  the  quotient  from 
145  to  find  the  degree  Baum^. 

For  liquids  lighter  than  water :  Add  the  degree  Baum^  to  130 
and  divide  the  sum  into  140  to  find  the  specific  gravity. 

Divide  140  by  the  specific  gravity  and  from  the  quotient  subtract 
130  to  find  the  degree  Baum^. 

The  moduli  or  constants  employed  in  these  rules  which  express 
the  proportion   borne  by  the  weight  of  water  displaced   by   the 
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hydrometer  when  floating  in  water,  to  the  weight  of  water  equal 
in  volume  to  one  degree,  are  deduced  as  follows : 

Case  L  For  Liquids  Heavier  than  Water, — Let  a  ■=■  specific 
gravity  of  the  lighter  liquid,  b  =  specific  gravity  of  the  heavier 
liquid,  c  =  volun^B  of  the  lighter  liquid  displaced,  and  d  =  volume 
of  the  heavier  liquid  displaced. 

The  difference  between  the  volumes  of  the  two  liquids  displaced, 
as  seen  in  Fig.  38,  is  c  —  cZ,  indicated  by  the  degrees  on  the  scale  to 

which   the   hydrometer   sinks   in    the   heavier 
Fig.  38.  liquid;  and  hence  d,  representing  the  volume 

of  heavier  liquid  displaced,  must  be  equal  to 
c  —  the  number  of  d^rees. 

The  object,  first,  is  to  find  what  relation  the 
volume  displaced  by  the  instrument  when  im- 
mersed in  water  bears  to  the  volume  of  one 
degree  on  the  graduated  scale,  taken  as  the 
unit — that  is,  to  find  how  many  degrees  on  the 
scale  the  total  volume,  c,  of  lighter  liquid  dis- 
placed, is  equal  to.  The  discussion  of  specific 
gravity  has  already  sh<»wn  that  the  weight  of 
any  body  is  equal  to  the  product  of  its  volume 
by  its  specific  gravity ;  hence  the  weight  of 
water  displaced  by  the  hydrometer  is  equal  to 
the  volume  displaced  multiplied  by  the  specific 
gravity  of  water,  or  equal  to  c  X  a ;  and  the 
weight  of  heavier  liquid  displaced  is  equal  to 
the  volume  displaced  multiplied  by  its  specific 
gravity,  or  equal  to  d  X  6. 

From  the  law  of  floating  bodies  (see  p.  64) 
3      we  know  that  the  weights  of  the  two  liquids 
displaced   are   the   same,   being  equal    to  the 
weight  of  the  hydrometer;  and  hence  it  is  evi- 
dent   that    cXa  =  dXby   or    aX  c  =  bXd. 
Substituting  the  value  of  rf,  as  found  above,  in 
the  equation,  we  get  a  X  c  =  6  X  (c  —  number 
of    degrees),  which  is  equal  to  ac=bc—  (6  X 
number  of  degrees).    Transposing,  we  get  —bc  +  ac  =  —bX  num- 
ber of  degrees,  or  6c—  ac  =  6  X  number  of  degrees  ;  and  factoring, 
(ft  _  ^^  (5  =  J  X    number   of  degrees,  from  which  it  follows   that 
6  X  number  of  degrees 

b  —  a 
As  already  stated,  distilled  water  and  sulphuric  acid  of  1.8354 
specific  gravity  are  the  liquids  now  used  in  adjusting  hydrom- 
eters for  liquids  heavier  than  water ;  and  the  following  numerical 
values,  a  =  1.000,  6  =  1.8354,  number  of  degrees  =  66,  can  there- 
fore be  substituted  in   the   formula  just   found,  when    it   becomes 

<5  ^  lj8354  X  66  ^^  ^  =  145  which  means  that  the  volume  of  water 
0.8354      ' 
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displaced  by  the  hydrometer,  c,  is  145  times  as  great  as  the  volume 
corresponding  to  1  d^ree  on  the  graduated  scale.  The  ratio  between 
the  two  volumes  therefore  is  145. 

The  rule  for  converting  the  degrees  on  the  hydrometer  into  spe- 
cific gravity  may  be  arrived  at  in  the  following  miinner :  For  equal 
weights  of  two  substances,  the  volumes  are  inversely  proportional 
to  the  specific  gravities.  This  can  be  seen  from  the  equation 
deduced  above,  viz.,  c  X  a  =  6  X  d,  which  gives  the  proportion 
cidwbiay  since  the  product  of  the  extremes  is  equal  to  the  product 

*  c  X  ct 

of  the  means.     From  the  equation  we   deduce  b  =  — -— ,  or,  since 


o  =^  1,  6  =  -- ;     and     since 

a 


d  =  G  —  number     of    degrees,    6  = 
As  the  value  of  c  has  been  found  to  be  145,. 
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c  —  number   of  degrees* 

the  specific  gravity  of  the  heavier  liquid  =  ,        /.  i  - 

145  —  number  of  degrees 

Onse  IL  For  Liquids  Lighter  than  Waier, — In  finding  the 
modulus  for  hydrometers  intended  for  liquids 
lighter  than  water,  a  slight  modification  is  neces- 
sary, as  water  in  this  case  is  the  heavier  liquid, 
and  consequently  a  smaller  volume  of  it  will 
be  displaced  by  the  instrument.  It  must  also 
be  borne  in  mind  that  on  the  scale  for  liquids 
lighter  than  water  the  point  to  which  the 
hydrometer  sinks  in  water  has  been  fixed  at 
10  degrees,  instead  of  at  0.  As  in  Case  I., 
let  a  =  specific  gravity  of  the  lighter  liquid, 
b  =  specific  gravity  of  the  heavier  liquid,  c  = 
volume  of  the  lighter  liquid  displaced,  d  = 
volume  of  the  heavier  liquid  displaced. 

By  procee<ling  precisely  as  in  the  previous 
case,  we  arrive  at  the  same  equation,  viz., 
eXa  =  dX  b  or  a  X  c=b  X  d.     Hence  d,  the 

volume  of  water  displaced,  =  -    — -. 

b 

As  may  be  seen  in  Fig.  39,  c  —  d,  the  dif- 
ference between  the  volumes  of  lighter  liquid 
and  water  displaced,  is  expressed  by  the  num- 
ber of  degrees  difference  between  the  point 
to  which  the  hydrometer  sinks  in  the  lighter 
liquid  and  10,  since  the  water  level  is  at  the 
latter  point.  The  volume  of  lighter  liquid 
displaced,  therefore,  is  equal  to  d  (the  volume 
of  water  displaced)  plus  the  difference  between 
f  and  d — that  is,  c  =  rf  +  (c  —  d).  ^ 

Replacing  the  value  of  c  in  the  equation  d=  — -~,  we  have  d  = 
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from  which  we  get  bd=^ad-\-{c —  d)a.     Trans- 


posing we  have  bd  —  («/  =  (c  —  d)a,  and  by  factoring  (6  —  a)d  = 

{c  —  d)a;  hence  d  ^  \-, \. 

As  highly  rectified  ether  and  distilled  water  are  used  in  the  ad- 
justment of  hydrometers  for  liquids  lighter  than  water,  the  follow- 
ing numerical   values,   o  =  0.725,  6  =  1.000,  e — d  =  53,   can   be 

substituted  in  the  equation,  and  we  obtain  d  =. '■ ,  or  d  = 

/*  '  0.276 

139.7,  which   means  that  the  volume  of  water  displaced   by  the 
hydrometer  bears  a  ratio   of   139.7  to  the  volume  corresponding 
to  1  degree  on  the   graduated  scale ;  but  since 
Fm.  4a  the  use  of  139.7  as  the  modulus   or   constant 

would  involve  undesirable  fractions  in  applying 
the  rule  for  conversion  into  specific  gravity,  the 
number  140  has  been  accepted  as  the  equivalent 
of  d.  It  is  readily  seen  from  the  figure  that 
the  volume  of  water  displaced  by  the  hydrom- 
eter  up  to  the  zero  mark  is  d  — 10  degrees — that 
is,  140 —  10,  and  that  c,  the  volume  of  lighter 
liquid  displaced,  will  always  be  the  volume  dis- 
placed up  to  Uie  zero  mark  plus  the  number 
of  degrees  to  which  the  instrument  sinks  in 
the  lighter  liquid— that  is,  (140  —  10)  +  the 
number  of  d^rees,  or  130 -|- the  number  of 
d^rees. 

The  rule  for  converting  the  degrees  on  hy- 
drometers for  liquids  lighter  than  wat«r  into  spe- 
cific gravity,  is  also  deduced  from  the  regular  equa- 
tion cXa  =  dX6, orij  = .     Having  found 

numerical  expressions  for  b,  c,  and  d,  the  for- 


mula becomes  a=  - 


140  X  1.000 


130  +  the  number  ofd^reen  ' 
or  the  specific  gravity  of  the  lighter  liquid  is 
obtained  by  dividing  140  by  130  plus  the  num- 
ber of  degrees  to  which  the  hydrometer  dnks. 

In  order  to  avoid  the  use  of  rules  and  tables 
in  connection  with  arbitrary  scales,  hydrometers 
have  been  in  use  for  some  years  bearing  a  double 
scale,  for  Baum6  degrees  and  the  corresponding 
Double    hydrometer    specific  gravity,  as  snown  in  Fig.  40  :  they  come 
^y™dey™inffiSM':    In  sets,  usuflllv  five,  two  of  which  are  intended 
for   liquids   lighter   than    water,  and  three   for 
liquid.'*  heavier  than  water,  the  shorter  size  permitting  closer  read- 
ing within  smaller  limits. 
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The  Twaddell  hydrometer  is  only  for  liquids  heavier  than  water, 
each  d^ree  on  the  scale  being  equal  to  0.005  specific  gravity;  heave 
the  requisite  numher  of  d^rees  multiplied  by  0.005  and  added  to 
1.000  expresses  the  specific  gravity  of  any  liquid  ;  thus,  if  a  sample 
of  glycerin  stands  at  50°  Twaddell,  its  specific  gravity  will  be  1.250, 
for  50  X  0.005  =  0.25, and  1.000  +  0.25  =  1.250. 

Nicholson's  hydrometer  is  of  the  kind  intended  to  sink  to  a  uni- 
form depth  (indicated  by  a  mark  on  the  stem)  in  alt  liquids  by  the 
use  of  weights,  and  also  possesses  the  advantage  that 
it  can  be  used  for  findmg  the  specific  gravity  of  Fio.  41. 

.wlids  as  well  as  liquids.  Fig.  41  represents  a  Nichol- 
aoQ  hydrometer  floating  in  a  liquid.  The  construc- 
tion is  readily  explained  :  A  is  an  elongated  glass 
or  metal  bnlb,  terminating  in  a  stem  surmounted 
by  a  metallic  disk,  B ;  ou  the  stem  ie  a  mark  at 
D,  indicating  the  point  to  which  the  instrument 
must  be  made  to  sink ;  and  attached  to  the  bottom 
of  the  bulb,  by  means  of  a  small  hook,  is  a  loaded 
cup,  C,  with  finely  perforated  sides,  for  carrying 
solids  if  so  desired.  The  weight  of  the  instrument 
complete  is  marked  on  the  same  by  the  manufact- 
urer, and  frequently  also  the  weight  which  must  be 

placed  on  the  disk  B  in  order  to  float  the  hydrom-  

eter  at  D  in  distilled  water.  When  the  latter  is  ^'iX^w'"^' 
omitted,  as  is  sometimes  the  case,  it  becomes  neces- 
sary to  ascertain  the  weight  of  the  volume  of  water  displaced  by 
the  hydrometer  when  immersed  to  D  in  distilled  water;  this  is 
done  by  placing  sufficient  weights  on  the  disk  to  enable  the  instru- 
ment to  float  at  D,  and  then  adding  such  weights  to  the  known 
weight  of  the  hydrometer ;  the  sum  will  represent  the  weight  of 
water  displaced.  The  weights  necessary  to  sink  the  instrument  to 
the  point  D  in  diflerent  liquids  when  added  to  the  weight  of  the 
hydrometer  therefore  represent  the  weights  of  equal  volumes  of 
such  liquids ;  hence  the  sum  of  weights  needed  for  any  one  liquid 
divided  by  the  weight  of  an  equal  volume  of  distilled  water  at 
the  same  temperature  will  express  the  specific  gravity  of  that  liquid. 
To  find  the  specific  gravity  of  a  solid  body,  first  ascertain  the 
weight  of  the  solid  body  in  air  by  placing  it  on  the  pan  B,  and  then, 
having  flirted  the  instrument  in  distilled  water,  adjusting  the 
weights  necessary  to  sink  the  hydrometer  to  D ;  the  difference 
between  the  weight  required  to  sink  the  hydrometer  to  D  in  water, 
without  and  with  the  solid  body  on  the  metal  disk  B,  indicates 
the  weight  of  the  solid  body  in  air.  Now  place  the  solid  body 
in  the  cup  C  and  again  adjust  the  weight ;  the  difl'erence  between 
the  present  weight  and  that  required  when  the  solid  body  was  on 
the  disk  expresses  the  weight  of  the  water  displaced  by  the  solid 
body ;  or,  in  other  words,  the  weight  of  water  equal  in  volume  to 
the  solid  body.     Finally,  divide  the  weight  of  the  solid  l>ody  in  air 
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Fig.  42. 


by  the  loss  of  weight  in   water,  and  the  quotient  will  express  the 

specific  gravity  of  the  solid  body.  If  the  solid 
body  should  be  lighter  in  water,  and  hence  float 
in  the  same,  the  cup  C  must  be  inverted  and 
attached  to  the  elongated  bulb  by  means  of  the 
small  stirrup  under  the  cup,  so  that  the  solid 
body  may  be  placed  underneath  of  the  cup  and 
thus  be  kept  immersed.  Solid  bodies  soluble 
in  water  must,  of  course,  be  tested  in  a  liquid 
in  which  they  are  wholly  insoluble  and  the 
specific  gravity  of  which  has  previously  been 
determined ;  the  calculations  for  this  method 
are  explained  on  page  68. 

Spirit  hydrometers,  usually  called  alcoholom- 
eters,  are  used  to  ascertain  the  percentage  of 
absolute  alcohol  in  the  commercial  article ;  since 
the  value  of  alcohol  depends  entirely  upon  the 
amount  of  absolute  alcohol  present,  this  instru- 
ment is  a  most  desirable  piece  of  apparatus  for 
f>harmacists.     Alcoholometers  are  made  of  glass^ 
ike  ordinary  hydrometers,  but  of  much  longer 
shape,  and  are  usually  provided  with  two  sepa- 
rate scales — Richter's  scale,  indicating  the  per- 
centage of  alcohol  by  weight,  and  Tralles*  scale^ 
show'ing  the  percentage  by  volume ;   since  the 
instrument  is  adjusted  at" 60°  F.  (15.6°  C).  it 
becomes  necessary  to  make   proper  corrections 
for  any  variations  in  temperature.     When  im- 
mersed in  alcohol    at  normal   temperature   the 
figures  on  the  respective  scales  to  which  the  in- 
strument sinks  indicate  the  number  of  parts  of 
absolute  alcohol   contained  in  100  parte  of  the 
specimen,  the  lowest  mark  on   the  scale  being 
0,  to  which  the  hydrometer  will  sink  in  pure 
water.   Since  a  cold  temperature,  by  contraction^ 
increases  the  density  of  alcohol,  the  instrument 
cannot  sink  as  low  in   the  liquid  if  the  tem- 

Iperatnre  be  below  eO""  F.  (15.6''  C.)  as  when  at 
60°  F.  (15.6°  C);  an  additive  correction  in  the 
reading  of  the  scale  must  therefore  be  made» 
On  the  other  hand,  if  the  temperature  rise  above 
60°  F.  (15.6°  C),  the  density  of  the  alcohol 
will  decrease  and  the  hydrometer  will  sink 
lower,  hence  a  subtractive  correction  must  be 
made  for  temperature.  The  necessary  correc- 
tion has  been  ascertained  to.  amount  to  0.15 
for  every  degree  above  60°  on  the  Fahrenheit  scale,  or  0.27  for 
every  degree  above  15.6°  on  the  centigrade  scale.     For  example,  if 


Alcoholometer  with 
thermometer  enclosed. 
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an  alcoholometer  sinks  in  alcohol  to  93  on  the  Tralles'  scale  at 
50°  F.  (10° C),  the. liquid,  contains  really  94.5  per  cent,  of  abso- 
lute alcohol  by  volume,  instead  of  93  as  indicated  on  the  scale, 
for  the  temperature  is  10  degrees  below  the  normal  (60°  F.),  hence 
10 X  0.15,  or  1.6,  must  be  added;  but  if  the  temperature  had  been 
70°  F.  (21.11°  C),  the  true  percentage  of  alcohol  by  volume  would 
have  been  only  91.5,  for,  the  temperature  being  10  degrees  above 
the  normal,  a  subtraction  of  1.5  from  the  reading  93  is  necessary. 


Fig.  44. 


Q 


Fig.  43. 


Squibb's  nrinometer 
and  cylinder. 


Elchhom's  areo- 
pycnometer. 


Rousseau's  densimeter. 


Fig.  42  represents  a  complete  alcoholometer  carrying  a  thermometer 
within  the  tube  for  convenience  in  taking  the  temperature  of  the 
liquid.  For  testing  the  specific  gravity  of  urine,  a  small  hydrom- 
eter the  range  of  which  extends  from  1.000  to  1.060  is  employed 
(see  Fig.  43) ;  the  narrow  cylinder  in  which  to  float  the  urinometer 
was  specially  designed  by  Dr.  Squibb  with  the  view  of  preventing 
the  hydrometer  from  adhering  to  its  sid^s,  by  means  of  the  pecu- 
liar indentations. 

Special  instruments  have  been  devised  for  taking  the  si>ecific 
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gravity  of  very  small  quantities  of  liquids,  namely,  Eichhorn's  areo- 
pycnometer  (Fig.  44)  and  Rousseau\s  densimeter  (Fig.  45) :  instead 
of  floating  these  instruments  in  the  liquid  to  be  tested,  the  latter  is 
carried  in  the  hydrometer,  which  is  then  floated  in  water.  The  illus- 
tration of  the  areo-pycnometer  shows  that  it  differs  in  construction 
from  the  ordinary  hydrometer  chiefly  in  having  a  glass  bulb,  C,  placed 
betweeu  the  loaded  bulb  F  and  the  expanded  portion  B  of  the  stem ; 
the  bulb  C  is  provided  with  a  stopcock,  D,  and  into  it  is  poured  the 
fluid  to  be  tested ;  the  small  glass  knob  £  serves  to  balance  the 
instrument  when  immersed  in  water,  which  should  be  at  17.5°  C. 
(63.5°  F.)  ;  the  specific  gravity  is  shown  on  the  graduated  scale  on  the 
tube  A.  The  densimeter  is  chiefly  intended  to  be  used  for  oils  and 
similar  liquids  lighter  than  water.  The  upper  part  of  the  tube,  A  to 
B,  consists  of  a  little  cup  of  1  Cc.  capacity ;  when  floated  in  water 
the  instrument  sinks  to  the  point  C,  and  when  carrying  1  Cc.  of  water 
in  the  cup  it  sinks  to  B.  The  space  on  the  stem  between  B  and  C  is 
divided  iuto  20  equal  parts,  each  division  corresponding  to  A-  Gm. 
or  0.050  Gm. ;  now,  if  1  Cc.  of  oil  of  peppermint  be  i)oured  into  the 
cup  and  the  instrument  floated  in  water,  it  will  probably  sink  to  the 
eighteenth  division  of  the  scale  ;  hence  18  X  0.05  =  0.900,  the  spe- 
cific gravity  of  the  oil. 

SPEOIFIO  GRAVITY  OF  SOLIDS. 

The  various  methods  for  finding  the  specific  gravity  of  solids  are 
based  upon  the  well-established  principles  that  all  bodies  immersed 
in  a  liquid  displace  a  quantity  of  that  liquid  equal  in  volume  to  the 
volume  of  the  body  immersed,  and  at  the  same  time  are  buoyed  up 
with  a  force  equal  to  the  weight  of  the  liquid  displaced.  The  up- 
ward pressure  exerted  by  the  liquid  upon  the  body  immersed  causes 
the  latter  to  appear  lighter  in  weight,  and  is  proiwrtional  to  the  den- 
sity of  the  liquid ;  the  loss  of  weight,  then,  which  a  body  seems  to 
suffer  upon  immersion  in  any  liquid  represents  the  weight  of  a 
volume  of  that  liquid  identical  with  the  volume  of  the  body  im- 
mersed. As  stated  on  page  47,  pure  water  at  25®  C.  (77°  F.)  has  been 
chosen  as  a  standard  of  comparison  for  solids,  and  may  be  directly 
employed  for  the  immersion  of  all  bodies  upon  which  no  solvent 
effect  is  produced ;  in  the  contrary  case  other  liquids  must  be  used, 
as  will  be  shown  later  on.  The  specific  gravity  of  any  solid  can  be 
ascertained  by  the  simple  rule  of  three,  providea  the  first  three  terms 
of  the  proportion  are  known,  namely,  first  term,  the  weight  of  the 
liquid  displaced ;  second  term,  the  weight  of  the  solid  in  air ;  third 
term,  the  specific  gravity  of  the  liquid  used  for  immersion.  When- 
ever water  is  used  for  immersion,  the  simple  division  of  the  weight 
of  the  solid  in  air  by  the  loss  of  weight  in  water  (weight  of  water 
displaced)  expresses  the  specific  gravity  of  the  solid,  since  the  spe- 
cific gravity  of  water  is  l.CKK).  The  methods  for  finding  the  specific 
gravity  of  solids  may  be  divided  as  follows : 
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1.  For  solids  insoluble  in,  but  heavier  than  water; 

2.  For  solids  insoluble  in,  but  lighter  than  water ; 

3.  For  solids  soluble  in  water,  whether  heavier  or  lighter  than 
that  liquid ; 

4.  For  solids  in  powder  form. 

For  solids  insoluble  in,  but  heavier  than  water,  several  methods 
are  available ;  of  these,  the  direct  method  of  weighing  is  the  most 
accurate  and  generally  employed. 

In  place  of  the  more  expensive  hydrostatic  balance,  any  good 
sensitive  prescription  balance  may  be  used ;  the  only  extra  piece 
necessary  oeing  a  small  wooden  or  stiff'  wire  bench  as  a  support  for 
the  vessel  of  water,  as  shown  in  Fig.  46.     For  instance,  a  piece  of 


Fig.  46. 


Showing  the  manner  of  weighing  a  solid  body  In  a  liquid. 
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metal  is  found  to  weigh  258.75  grains  in  air ;  by 
means  of  a  silken  thread,  or  fine  horse-hair,  it  is  com- 
pletely immersed  in  pure  water  and  found  to  weigh 
236.75  grains,  the  aifference  or  loss  of  weight,  23 
grains,  representing  the  weight  of  a  volume  of  water 
^ual  in  volume  to  the  258.75  grains  of  metal. 
Dividing  258.75  by  23,  the  specific  gravity  of  the 
metal  is  found  to  be  11.25. 

Another  but  less  accurate  method  is  to  weigh  the  solid  by  metric 
weight  and  then  place  it  in  a  graduated  cylinder  containing  sufficient 
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water  to  submerge  the  solid  completely  (see  Fig.  47) ;  the  difi'erence 
between  the  first  height  of  the  water  and  that  after  immersion  of  the 
solid  indicates  the  volume  of  .wator^displaced,  and  its  cifr responding 
weight  is  readily  noted.  Suppose  a  solid  body  weighing  /f5  Gm., 
placed  into  40  Cc.  of  water,  causes  the  latter  to  rise  to  41.5  Cc., 
showing  that  1.5  Cc.  of  water  have  been  displaced,  which  weighs  1.5 
Gm. ;  then,  applying  the  rule,  7.5  -^  1.5  =  6,  the  specific  gravity  of 
the  solid. 

Since  solid  bodies  will  float  indifferently  in  any  liquid  having  the 
same  specific  gravity  as  their  own,  advantage  may  be  taken  of  this 
property  to  determine  the  specific  gravity  of  solids.  Hager  reeom- 
niends  determining  the  specific  gravity  of  fats  by  placing  them  in 
alcohol  and  then  adding  water  until  the  fat  floats  about  indifferently 
beneath  the  surface  of  the  mixture;  the  specific  gravity  of  the  mixt- 
ure is  then  taken  in  the  usual  way,  preferably  by  means  of  a  pyc- 
nometer,  and  this  at  the  same  time  expresses  the  specific  gravity  of 
the  solid. 

To  ascertain  the  specific  gravity  of  solids  insoluble  in,  but  lighter 
than  water,  it  becomes  necessary  to  insure  their  immersion  in  water 
by  attaching  to  them  some  heavy  substance,  the  weight  of  which  in 
water  must  previously  have  been  ascertained.  Upon  immersing  the 
two  bodies  in  water  it  will  be  observed  that  the  weight  of  the  two 
ap()ears  less  than  the  weight  of  the  heavy  body  alone,  which  is  due  to 
the  fact  that  the  volume  of  water  equal  to  the  volume  of  the  lighter 
body  is  heavier  than  the  latter,  and  therefore  exerts  a  greater  up- 
ward pressure  on  the  heavy  body,  causing  it  to  appear  to  lose  weight 
The  difference  between  the  weight  of  the  heavy  body  in  water  and 
the  united  weight  of  the  light  and  heavy  bodies  in  water  expresses 
the  excess  of  weight  of  a  volume  of  water  over  the  weight  of  a  like 
volume  of  the  li^t  body ;  in  other  words,  it  shows  how  much  heavier 
a  volume  of  water  is  than  the  same  volume  of  the  light  body;  to 
find  the  exact  weight  of  a  volume  of  water  equal  to  the  volume  of 
the  light  body,  this  difference,  or  excess,  must  be  added  to  the  weight 
of  the  light  body  in  air.  Suppose  a  piece  of  cork  weighs  62.5  grains 
in  air ;  attached  to  a  piece  of  metal  which  weighs  94  grains  in  water, 
the  whole  is  found  upon  immersion  in  water  to  weigh  88  grains,  or  G 
grains  less  than  the  metal  alone  ;  adding  6  to  62.5  grains  (the  weight 
of  the  cork)  we  obtain  68.5  grains,  the  weight  of  the  water  displaced 
by  the  cork.  The  specific  gravity  of  the  cork  is  found  by  dividing 
62.5  by  68.5,  according  to  the  general  rule  on  page  49.  The  answer 
willl)e0.9124+. 

For  solids  soluble  in  water  some  other  liquid  must  be  selected  for 
immersion,  in  which  the  solid  body  is  perfectly  insoluble  and  of 
which  the  specific  gravity  is  known ;  in  other  respects  any  of  the 
preceding  meth(xls  may  be  followed.  In  such  cases  the  weight  of 
the  liquid  displaced,  having  been  ascertained,  may  be  used  to  find  the 
weight  of  a  corresponding  volume  of  water,  and  the  latter  then  he 
divided  into  the  weight  of  the  solid ;  or  the  weight  of  the  solid  in  air 
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may  be  divided  by  the  weight  of  the  liquid  displaced  and  the  quotient 
then  multiplied  by  the  /Bpeeiiic  graTity  of  the  liquid ;  by  either 
method  the  specific  gravity  of  the  soluble  substance  will  be  obtained. 
To  find  the  weight  of  a  corresponding  volume  of  wat«r,  divide  the 
weight  of  the  liquid  displaced  by  its  specific  gravity,  for  the  weights 
of  equal  volumes  of  two  bodies  are  to  each  other  directly  proportional 
as  their  specific  gravities.  Example:  A  piece  of  alum  weighs  125 
grains  in  air;  immersed  in  oil  of  tur])entine  having  the  specific 
gravity  0.860  it  weighs  62  grains;  125  divided  by  63  (the  loss 
of  weight)  yields  1.984;  oil  of  turpentine  weighing  only  0.86  as 
much  as  water,  1.984  must  be  multiplied  by  0.860,  which  gives 
1.7062+  as  the  specific  gravity  of  the  alum.  Or  the  weight  of  a 
volume  of  water  corresponding  to  the  volume  of  oil  of  tur|)entine 
displaced  may  be  found  by  dividing  63  by  0.86,  which  equals  73.256, 
ana  this  divided  into  125,  the  weight  of  the  alum  in  air,  also  gives 
1.7062+  as  the  specific  gravity  of  the  alum. 

Sometimes  it  is  desirable  to  find  the  specific  gravity  of  solids  in 
powder  form,  as  calomel,  reduced  iron,  lead  oxide,  and  the  like ;  this 
is  best  done  by  using  a  flask  or  bottle  known  to  hold  a  definite 
quantity  of  water,  introducing  a  certain  weight  of  the  powder,  and 
then  filling  with  water  and  weighing  the  total  contents ;  as  two 
bodies  cannot  occupy  the  same  space  at  the  same  time,  it  follows  that 
the  flask  or  bottle  containing  the  powder  cannot  hold  the  same  quan- 
tity of  water  as  when  empty,  ana  this  difference  corres[K)nds  to  the 
weight  of  water  equal  in  volume  to  the  powder.  Suppose  100  grains 
of  an  insoluble  powder  are  placed  in  a  counterpoised  bottle  capa- 
ble of  holding  exactly  1000  grains  of  water,  the  latter  being  then 
filled  with  pure  water;  if  the  total  contents  weigh  1088  grains,  12 
grains  of  water  have  been  displaced  by  the  powder,  for  1088  — 
100  leaves  988,  and  as  the  bottle  is  capable  of  holding  1000  grains 
of  water,  the  difference  1000  —  988  ^=  12  must  have  b?en  displaced. 
Then  applying  the  rule,  8.333  +  is  found  to  be  the  specific  gravity 
of  the  powder,  as  100  ^  12  =  8.333  +. 

SPEOIFIO  VOLUBIE. 

The  term  specific  volume  is  used  to  define  the  ratio  existing 
between  the  volumes  of  certain  weights  of  bodies  and  the  volume  oi 
the  same  weight  of  pure  water  ;  it  is  therefore  the  opposite  of  specific 
gravity.  Specific  volume  is  ascertained  by  dividing  the  specific 
gravity  of  a  body  into  unity,  and  hence  may  be  ctdled  the  reciprocal 
of  specific  gravity  ;  it  may  also  be  found  by  dividing  the  weight  of 
a  given  volume  of  water  by  the  weight  of  an  equal  volume  of  a 
liquid.  Every  pharmacist  is  aware  that  it  will  require  vessels  of 
different  size  to  hold  one  pound  of  ether,  water,  glycerin,  sulphuric 
acid,  oil  of  turpentine,  or  chloroform,  and  it  is  often  desirable  to 
know  in  advance  the  volume  of  a  given  weight  of  a  liquid.  In  the 
metric  system  this  is  a  very  simple  o}>eration,  for  the  weight  in 
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grammes  of  any  liquid  multiplied  by  the  specific  volume,  or  divided 
by  the  specific  gravity,  of  that  liquid  at  once  expresses  the  actual 
volume  in  cubic  centimeters.  To  find,  however,  the  volume  of  a 
given  weight,  avoirdupois  or  apothecaries',  of  a  liquid,  it  becomes 
necessary  first  to  ascertain  the  volume  of  a  like  weignt  of  water,  and 
then  to  multiply  this  by  the  specific  volume,  or  to  divide  by  the 
specific  gravity  of  the  liquid ;  jov  the  given  weight  of  a  liquid  may 
be  divided  at  once  by  its  specific  gravity,  which  will  yield  the  w^eight 
of  a  volume  of  water  equal  to  the  volume  of  the  liquid,  and  then  by 
finding  the  volume  of  such  a  weight  of  water  the  volume  of  the 
liquid  is  at  once  known. 

Examples :  If  the  volume  of  600  Gm.  of  alcohol  U.  S.  P.  i& 
desired,  divide  600  by  0.816,  the  specific  gravity  of  the  alcohol,  and 
the  quotient  612.74  +  will  be  the  answer  in  cubic  centimeters. 

To  find  the  volume  of  8  ounces  of  ofiicial  glycerin  (apothecaries^ 
weight)  it  is  necessary  to  multiply  by  480,  the  number  of  grains  in 
1  ounce,  and  then  divide  the  product  by  466.7,  the  number  of  grains 
in  one  U.  S.  fluidounce  of  water,  the  quotient  (480X8  =  3840; 
3840-^  456.7  =  8.427),  8,427,  represents  the  number  of  fluidounces 
contained  in  the  same  weight  of  water;  8.427  then  divided  by  1.246^ 
the  specific  gravity  of  the  glycerin,  yields  6.7632  +  fluidounoes  a& 
the  volume  of  8  ounces,  apothecaries'  weight,  of  glycerin. 

How  large  a  bottle  is  required  to  hold  1  pound  of  chloroform  of 
1.490  specific  gravity?  One  pound  avoirdupois  is  equal  to  7000 
grains,  and  7000  h- 1.490  =  4697.986,  the  weight  in  grains  of  a 
volume  of  water  equal  to  the  chloroform ;  then  4697.986  -h  455.7  = 
10.309,  or  very  nearly  lOJ  fluidounces. 

How  many  fluidounces  in  2  pounds  of  official  ether  having  a 
specific  gravity  of  0.7166  ?  Two  pounds  of  water  measure  30.72 
fluidounces,  and  multiplying  this  bv  the  specific  volume,  1.3956+^ 
of  the  ether  (1.000  -^  0.7165  =  1.3966  +),  we  obtain  42.87  +  fluid- 
ounces  as  the  answer. 

ADJUSTHENT  OF  SPEOIFIO  GRAVITY  AND  PER- 
CENTAGES. 

While  the  adjustment  of  percentages  in  liquids  as  well  as  solids 

{>resents  no  difficulties,  the  reduction  of  liquids  from  a  higher  to  a 
ower  specific  gravity  is  not  quite  so  easily  accomplished,  since 
specific  gravity  is  but  the  expression  of  the  relation  between  volume 
and  weight,  and  condensation  of  volume  generally  occurs  as  the 
result  of  a  mixture  of  two  liquids.  Two  very  simple  rules,  or 
formulas,  have  been  published  for  the  adjustment  of  specific  gravi- 
ties of  liquids,  by  volume  and  by  weight;  but  absolutely  accurate 
results  are  only  possible  when  no  contraction  of  yolume  takes  place  ; 
in  the  majority  of  cases  the  condensation  of  volume  is  but  very- 
slight,  and  for  ordinary  purposes  may  be  ignored.  It  is  well  known 
that  the  weights  of  equal  volumes  of  two  liquids  are  to  each  other 
directly  proportional  as  the  specific  gravities  of  these  liquids ;  there- 
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fore  the  weight  of  a  liquid  divided  by  its  specific  gravity  represents 
a  weight  of  water  equal  in  volume  to  that  liquid.  It  is  also  well 
known  that  the  volumes  of  equal  weights  of  two  liquids  are  \o  each 
other  inversely  proportional  as  the  specific  gravities  of  these  liquids ; 
therefore,  the  volume  of  a  liquid  multiplied  by  its  specific  gravity 
represents  a  volume  of  water  equal  in  weight  to  that  liquid.  The 
well-known  proceas  of  alligaiion  is  admirably  adapted  to  the 
adjustment  oi  specific  gravities  of  liquids  by  volume,  but  is 
unsuited  to  adjustment  by  weight.  When  two  liquids  of  different 
specific  gravities  are  mixed,  the  loss  which  one  suffers  will  be  bal- 
anced by  the  gain  of  the  other ;  hence  the  two  liquids  used  must  be 
mixed  in  inverse  proportion  to  that  existing  between  the  gain  and 
loss  of  specific  gravity  and  the  specific  gravity  of  the  mixture ;  the 
difference  between  the  higher  specific  gravity  and  the  desired  specific 
gravity  of  the  mixture  will  therefore  indicate  the  proportion  of  the 
liquid  having  the  lower  specific  gravity;  and  the  difference 
between  the  lower  specific  gravity  and  the  desired  specific  gravity 
will  indicate  the  proportion  of  the  liquid  having  the  higher  specific 
gravity.  For  example,  if  solution  of  ferric  chloride,  specific  gravity 
1.520,  is  to  be  reduced  to  1.387  specific  gravity  by  addition  of  a 
weaker  solution  of  1.280  specific  gravity,  107  volumes  of  the 
stronger  must  be  mixed  with  133  volumes  of  the  weaker  solution  ; 
or,  in  other  words,  1  volume  of  the  former  with  1.243  volumes  of 
the  latter.  It  is  customary  to  set  down  a  problem  in  alligation  in 
the  following  manner  to  facilitate  comparison  : 


1.387-^ 

I   1. 


1.520 
280 


0.107  =  proportion  of  the  stronger  liquid. 
0.133  =  proportion  of  the  weaker  liquid. 


If  a  definite  volume  of  the  mixture  is  desired,  the  requisite  volume 
of  the  stronger  and  weaker  liquids  may  be  ascertained  by  dividing 
the  desired  volume  by  the  sum  of  the  proportionals,  and  then  mul- 
tiplying each  proportional  by  the  quotient  so  obtained ;  thus,  if  32 
fluidoiinces  are  wanted,  divide  32  by  0.240  (0.107  +  0.133),  which 
yields  133.3;  0.107X133.3=14.27  fluidounces,  the  requisite 
volume  of  the  stronger  solution,  and  0.133  X  133.3=  17.73  fluid- 
ounces,  the  reauisite  volume  of  the  weaker  solution. 

To  adjust  the  specific  gravity  of  a  given  weight  of  a  liquid  to  a 
higher  or  lower  specific  gravity,  the  following  formula  may  be 
employed : 


„ to  X  c  ^a  —  M 


a  (h  —  c) 

in  which  x  represents  the  weight  of  the  diluent,  w  the  weight  of 
the  liquid  to  be  diluted,  a  the  specific  gravity  of  the  liquid  to  be 
diluted,  6  the  desired  specific  gravity,  and  c  the  specific  gravity  of 
the  diluent.     (Whenever  water  is  the  diluent,  c  is  made  1.000.)    As 


w 


stated  before  (see  above),  —  =  weight  of  water  equal  in  volume  to  «% 

a 
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^  =:  weight  of  water  equal  in  volume  to  ic,    -— —  =  weight  of  water 

equal  in  volume  to  to  +  ^•.  .  To  find  the  value  of  ar,  the  following 

equation,  —  -h— =      ,      ,  must  be  solved  : 
a      c  b 

«w6  -|-  oAjc  ■=  foac  -f-  acx 
a6x  —  OCX  =  woe  —  toc6 
a:  X  a  (^  —  c)    =  w  X  c  («  —  ft) 
3.— wXc(o  — ft) 
a(b—c) 

Example :  How  much  water  must  be  added  to  250  Gm.  of  solu- 
tion- of  potassa  of  1.539  specific  gravity  in  order  to  reduce  the  specific 
gravity  to    1.036?     Substituting  numerical   values  for  the   tetters 

in  the  above  formula,  we  have  x  =  250  X  1.000.(1.539 -ILOgg) 

'  1.539(1.036  —  1.000) 

then  -^^^-^  =  J||^    =  2269.6.      Answer  :  2269.6  Gm. 
1.539X0.036      0.055404 

To  make  a  definite  weight  of  a  liquid  of  definite  specific  gravity 
by  mixing  two  liquids  of  known  specific  gravity,  both  beiug  of  the 
same  kind,  or  one  being  water : 

Ix^t  mw  represent  the  desired  weight  of  the  mixture,  x  the  weight 
of  the  diluent,  y  the  weight  of  the  liquid  to  be  diluted,  and  a,  6,  c 
the  specific  gravity  of  the  liquid  to  be  diluted,  of  the  mixture 
desired,  and  of  the  diluent,  respectively.  Since  x  -\-  y  =  mtr,  and 
the  value  of  x  has  been  shown  above  to  be 

the  weight  of  the  liquid  to  be  diluted  X  (*  (o-  —  b) 

a  (h  —  c) 
the  latter  expression  may  be  substituted  for  x  in  the  equation,  x  -\-  y 

=  mw  ;  thus    ^  -  /" ^  +  y  =  mw.     This  simplified  is  yea  —  ycb 

a{b  —  c) 

+  yab  —  yac  =  mw  X  a{b  —  c), and  cancelling, y  Xb(a  —  c)  =  mwX 
a{b  —  c). 

mwX  ^  (ft  —  c) 

^    '       b(a  —  c) 

The  value  of  y  (weight  of  stronger  liquid)  having  been  asc^ertained, 
it  is  subtracted  from  mw,  the  desired  weight  of  the  mixture,  to  find 
the  value  of  ar,  the  weight  of  the  diluent. 

Example :  If  it  is  desired  to  make  10  pounds  of  ammonia-water 
of  0.960  specific  gravity,  from  ammonia- water  of  0.900  specific 
gravity,  mix  3.75  pounds  of  the  latter  with  6.25  }K)unds  of  water; 
for,  substituting  numerical  values  for  the  letters  in  the  above 
formula,  the  weight  of  the  liquid  to  be  diluted  is  equal  to 
10  X 0.900  (0.960  —  1.000)  ^  10  X  —  0.036  ^  —0.36  ^  3  75  ^^^ 

0.960(0.900  -  1.000)  "—  0.096  —0.096'        "     ' 

10-3.75  =  6.25. 

This  example  may  also  be  workeil  out  by  alligation,  which  method 
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would  give  the  proportional  parts  of  the  volume  to  be  used  of  each 
liquid,  as  follows : 


0.960  '  ^-^^ 


n.i 

10.900 


O-OeO-or  6 
0.040  or  4 


But  as  weight  and  not  volume  is  called  for,  it  becomes  necessary  to 
find  the  actual  weights  of  the  respective  volumes  by  multiplying  the 
latter  by  the  specific  gravities  of  the  liquids  ;  thus, 


6  X  1.000  =  6 
4  X  0.900  =  3^ 

9.0 


The  result  shows  that  the  mixture  would  produce  only  9.6  parts  by 
weight,  and  since  10  parts  (or  pounds)  are  wanted,  the  respective 
necessary  quantities  may  be  found  by  the  rule  of  three ;  thus. 


9.6  :  6     ::  10  :  X  x  =  6.25 

9.6  :  3.6  ::  10  :  X  x  =  3.75 


10 

For  the  adjustment  of  j)ercentage  in  alcohol  (by  weight  or  volume), 
in  acids  (by  weight),  and  in  alkali  solutions  (by  weight),  the  follow- 
ing rules  may  he  applied  : 

For  reducing  solutions  from  a  higher  to  a  lower  percentage : 
Midtiply  the  ffiven  qiuiniity  by  the  given  percentage  and  divide  by  the 
required  percentage ;  the  quotient  will  be  the  quantity  to  which  the 
liquid  must  be  diluted  by  the  addition  of  water.  Since  alcohol  is  fre- 
quently reduced  in  volume  percentage,  and  contraction  of  volume 
invariably  follows  the  admixture  of  alcohol  and  water,  it  becomes 
necessary,  after  contraction  has  ceased,  to  add  sufficient  water  to 
restore  the  original  volume  of  the  mixture. 

Examples :  Reduce  4  pints  (64  fluidounces)  of  93  per  cent,  (by 
volume)  alcohol  to  65  per  cent. :  64  X  93  =  5952,  and  5952  -^  65 
=91.57.  Enough  water  must  be  added  to  the  4  pints  of  alcohol 
to  yield,  after  contraction  has  ceased,  91.57  fluidounces. 

Reduce  2  pounds  of  hydrochloric  acid  from  31.9  per  cent,  to  10 
per  cent. :  2  pounds  =  32  avoirdupois  ounces  ;  32  X  31.9  =  1020.8, 
and  1020.8  -^  10  =  102.08.  Enough  water  must  be  added  to  the 
2  pounds  of  acid  to  bring  the  total  weight  up  to  102.08  avoirdupois 
ounces. 

Reduce  8  troy  ounces  of  stronger  ammonia-water,  28  per  cient.,  to 
10  per  cent,  .strength  :  8  X  28  =  224,  and  224  -^  10  =  22.4.  Enough 
water  must  be  added  to  the  8  troy  ounces  of  stronger  ammonia-water 
to  bring  the  total  weight  up  to  22.4  troy  ounces. 

For  making  a  definite  quantity  of  a  solution  of  a  certain  percent- 
age "by  diluting  a  stronger  solution  with  water :  Multiply  the  required 
quantity  by  the  required  percentage,  and  divide  by  the  higher  percent- 
<^6 ;  the  quotient  will  be  the  quantity  of  the  stronger  liquid  necessary y 
<ind  this  subtracted  from  the  total  quaritity  required  leaves  the  necessary 
quantity  of  water.     When  volume  adjustment  of  alcohol  is  made,  the 
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same  precautions  in  regard  to  contraction  of  volume  must  be  observed 
as  stated  in  the  preceding  rule. 

Examples:  Make  1  gallon  (128  fluidounces)  of  60  per  cent,  (by- 
volume)  alcohol  from  alcohol  of  94  per  cent,  (by  volume)  :  128  X  60 
=  7680,  and  7680-4-  94=^81.7.  Answer:  81.7  fluidounces  of  the 
stronger  alcohol  must  be  mixed  with  sufficient  water  to  yield,  after 
contraction  has  ceased,  128  fluidounces. 

Make  4  pounds  of  25  per  cent,  phosphoric  acid  from  the  official  85 
per  cent,  acid  :  4  pounds  =  64  av.  ozs. ;  64  X  25  =  1600,  and  1600  -h 
85  =  18.823.  Answer  ;  Enough  water  must  be  mixed  with  18.82S 
av.  ozs.  of  the  strong  acid  to  bring  the  total  weight  up  to  64  av.  ozs. 

Make  720  grains  of  5  per  cent,  caustic  potash  solution  from  a 
12.5  per  cent,  solution  :  720  X  5  =  3600,  and  3600  -^  12.5  =  288  ; 
720  —  288  =  432.  Answer  :  288  grains  of  the  12.5  per  cent,  solu- 
tion must  be  mixed  with  432  grains  of  water. 

The  adjustment  of  percentage  in  liquids  may  also  be  readily  made 
by  the  process  of  alligation,  as  already  explained  under  adjustment 
of  specific  gravities  by  volume,  page  71. 

Pharmacists  and  drug  jobbers  are  sometimes  called  upon  to  make 
mixtures  of  certain  liquids  or  solids  having  diflerent  percentage 
strengths  in  order  to  produce  a  desired  average  strength ;  this  may 
be  done  by  the  general  rule  for  alligation.  Write  the  percentages  in 
a  column,  and  the  mean  percentage  on  the  left.  Connect  the  simpler 
in  pairs,  one  less  than  the  mean  with  one  greater ;  take  the  difierenoe 
between  the  mean  and  the  numbers  representing  the  percentage 
strength  of  each  simple  and  write  it  opposite  the  value  with  which 
it  is  linked.  These  differences  are  the  relative  quantities  of  the 
simples  taken  in  the  order  in  which  their  values  stand. 

Example:  In  what  proportion  may  powdered  opium  of  9,  12.5,. 
15,  and  16  per  cent,  morphine  strength  be  mixed  to  pi*oduce  a  mixture 
of  14  per  cent,  strength  ? 


14 


9.0- 
12.5 
15.0 
16.0- 


Proof. 

1.0  1  X  9  =  9 
2.0  2  X  12.5  =  25 
6.0  5  X15  =75 
1.5  J^  X  16  =24 
9.5  )  133 

14 


or  14 


9.0- 
12.5- 
15.0- 
16.0- 


Proof. 

2.0    2     X    9    =  18 

1.0    1     X12.5=  12.5. 

1.5    1.5X15    =  22.5 

6.0  J_  X  16    =  80 

9.5  )  133.0 

14 


Answer :  1  part  of  9  per  cent.,  2  parts  of  12.5  per  cent.,  5  parts 
of  15  per  cent,,  and  1.5  parts  of  16  per  cent. ;  or  2  parts  of  9  per 
cent.,  1  part  of  12.5  per  cent.,  1.5  parts  of  15  per  cent.,  and  5  parta 
of  16  per  cent. 

It  matters  not  how  the  simples  are  connected,  as  long  as  one  less 
than  the  mean  is  compared  with  one  greater,  for  while  the  propor- 
tional part  of  each  simple  may  vary,  the  sum  of  the  proportionals 
remains  the  same.  If  the  number  of  simples  is  not  evenly  divided 
among  those  less  and  those  greater  than  the  mean,  two  or  more  of  the 
former  may  be  linked  with  one  of  the  latter,  and  vice  versa;  thus,  to 
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mix  7,  8,  9,  and  28  per  cent,  ammonia- water  so  as  to  produce  10  per 
cent,  ammonia-water,  it  would  be  necessary  to  use  6  parts  of  the  28  per 
cent,  solution  and  18  parts  each  of  the  7,  8,  and  9  per  cent,  solutions.. 

Proof. 

7 


10 


8- 


9— 
28-- 


18 
18 
18 
3+2+1=6 


18  X    7  =  126 

18  X    8  =  144 

18  X    9  =  162 

6  X  28  =_168 

60  )  600 

10 


When  the  number  of  simples  is  uneven,  but  greater  than  three^. 
at  least  two  sets  of  answers  are  possible  as  regards  the  sum  of  the 
proportionals. 

If  a  definite  quantity  of  one  of  the  simples  be  directed  to  be  used' 
in  the  mixture,  the  corresponding  quantities  of  the  others  are  readily 
ascertained  by  multiplying  their  proportionals  by  the  ratio  which  the^ 
given  quantity  bears  to  the  proportional  of  the  simple  which  it 
represents. 

Example:  How  much  powdered  cinchona  bark  containing  3,  3.5^ 
6,  and  6.5  per  cent,  total  alkaloids  may  be  mixed  with  10  pounds* 
of  cinchona  bark  containing  4  per  cent,  total  alkaloids  to  proiduce  & 
mixed  powder  of  official  strength,  5  per  cent,  total  alkaloids  ?  • 


3.0— 

3.5— 
40- 
6.0— 
6.5= 


1.5 
1.5 
1.0 
1.0 
2.0+1.5  =  3.6 


10-!- 1  =  10,  ratio  of  given  quantity  to  proportional. 


1.5X10 
1.5  X  10 
1.0  X  10 
1.0  X  10 
8.5X10 


Answer. 
1 5  pounds  of  3    %  bark. 


15 
10 
10 
35 


(t 

(i 
it 


3.5  •*      " 

6    "      " 
6.6** 


ti 


Proofl 

15X3    =    45 
15X3.5=    52.6 
10X4    =    40 
10X6    =    60 
36  X  6.5  =  227.5 

85  )  425.0 

5 


If  a  definite  quantity  of  a  mixture  is  required,  the  quantity  of 
each  simple  may  be  ascertained  by  multiplying  its  proportional  by 
the  ratio  which  the  total  quantity  required  l)ears  to  the  sum  of  the 
proportionals  of  all  the  simples. 

Example:  How  many  grammes  of  powdered  opium  of  9,  10,  12^ 
15,  16,  and  17  per  cent,  morphine  strength  may  be  taken  to  produce 
250  grammes  of  a  mixture  containing  14  per  cent,  of  morphine? 


14 


9 


10— 
12— 
15— 
16— 
17- 


3 
2 
1 
2 
4 
5 


3X14.706  =  44.118 
2  X  14.706  =  29.412 

1  X  14.706  =  14.706 

2  X  14.706  =  29.412 

4  X  14.706  =  58.824 

5  X  14.706  =  73.530 
250.002 


17  the  sum  of  the  proportionals 
250  -4-  17  =  14.706,  xatio  of  required  quantity  to  the  sum  of  the  proportionals. 


(( 

l< 

u 

it 

« 

u 
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Answer:  44.118  Gm.  of  9  per  cent,  opium^  29.412  Gm.  each  of 
10  per  cent,  and  15  per  cent,  opium^  14.706  Gm.  of  12-i>er  cent, 
opium,  58.824  Gm.  of  16  per  cent,  opium,  and  73.530  Gm.  of  17 
per  cent,  opium. 

As  undesirable  fractions  are  liable  to  arise  in  alligation,  and  inte- 
gral numbers  are  always  preferable,  the  adjustment  of  percentages 
may  be  made  algebraically,  whereby  a  practically  unlimited  numlier 
of  series  of  correct  answers  may  be  obtained  and  the  occurrence  of 
fractions  avoided. 

Thus  in  the  preceding  example,  alligation  gives  a  series  of  frac- 
tional quantities  which  are  both  impracticable  and  open  to  criticism 
from  the  standpoint  of  absolute  accuracy.  To  solve  the  problem 
algebraically,  we  can  proceed  as  follows : 

Let  a  represent  the  required  quantity  of  opium  containing    9  %  of  morphine. 

J  t<  li  ti  it         '    ((  ((  ((  JQ  or     «  »« 

^  ((  ((  H  H  tt  it  u  ]2   %    ''  " 

d        **  *'         '*  **         **       **  '*  16  % 

e        **  "         *'  "  "       **  **  16  % 

Then  a  +  6  -f  c  +  d  +  «  +/===  250 ;  (1) 

and  as  the  mixture  is  to  be  of  14  per  cent  morphine  strength, 

.09a  -f  .106  -I-  .12c  -h  -l^^^  -f  -l^e  +  -17/     __  j^  .  ^2) 

250  *      ' 

clearing  of  fractions,  we  have 

.09o  -f  .106  4-  .I2c  -f  .15d  +  .16e  -f  .17/  -^  .14  X  250,  (3) 

which  is  equal  to 

.09o  +  .106  -h  .12c  +  .15d  -f  .16e  -f  .17/=.14{a +  6  +  c  + d  +  «+/);    W 

transposing  and  subtracting,  we  hare 

—.05a  —  .046  —  .02c  +  .Old  +  .02c  +  .03/  =  0.  (5) 

Since  multiplying  all  the  terms  of  an  equation  by  the  same  number,  say  100,  does 
not  alter  the  value  of  the  equation,  we  may  obtain 

—  5ci  —  46  —  2c  -I-  d  -f  2c  -f  3/  =  0  (6) 

or 
5a  +  46  4  2c  —  d  —  2c  —  3/"  =  0  (7) 

In  the  example  given  we  have  six  unknown  quantities,  a,  ft,  o, 
rf,  c,  and/,  and  but  two  conditions,  namely,  the  sum  of  the  quantities 
must  be  equal  to  250  and  the  mean  of  the  percentage  of  morphine 
in  the  six  diiferent  lots  is  to  be  14;  hence  any  four  of  the  unknown 
quantities  may  be  said  to  be  independent  and  the  remaining  tw^o 
dependent  on  these  four.  Now  if  we  assign  arbitrary  values  to  four 
of  the  unknown  quantities,  we  shall  be  able  bv  elimination,  either 
by  addition  or  subtraction,  to  astjertain  the  corresponding  values  of 
the  remaining  two.  As  the  sum  of  the  six  luiknown  quantities  is 
rather  large,  250,  it  is  not  wise  to  assign  very  low  values  to  any  of 
the  four  quantities,  as  this  would  cause  at  least  one  of  the  remainkig 
values,  to  be  detennined,  to  be  undesirably  large.     If  we  let^y  --*20, 
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b  =  25,  e  =  40,  and  /  =  60,  and  replace  these  values  in  equation 
(1),  we  have 

20  +  25-f  c  -f-<i-h40-f  60  =  250;  (8) 

transposing,  we  get      e  +  <<  =  250  —  20  --  25  —  40  —  60; 

henoe  c  +  <i  =  105.  (9) 

Replacing  now  the  same  valaes  in  equation  (7),  we  have 

100  4-  100  -f  2c  —  d  —  80  —  180  =  0 ; 

and  transposing,  2c  —  d  =  180  +  80  —  100  —  100; 

hence  2c  — d  =  60;  (10) 

eliminating  d  hy  addition  of  equations  (9)  and  (10),  we  have 

c  +  d  =  105 
2c  — d=    60 

3c  =  165 

c  =55 

If  c  =  55  and  c  -f  d  =  105,  then  d  =  105  —  55,  which  is  equal  to  50. 

The  number  of  grammes  of  opium  to  be  used  respectively  of  the 
six  varieties  may  therefore  be  20  of  the  9  per  cent.,  25  of  the  10  per 
cent,  65  of  the  12  per  cent.,  50  of  the  15  per  cent.,  40  of  the  16  per 
cent.,  and  60  of  the  17  per  cent. — total,  250  grammes. 

Proof:  20  at  9  per  cent  =  1.8 
25  "  10  "  =  2.5 
55  "  12  "  =^  6.6 
50  "  15  "  =  7.5 
40  "  16  "  =  6.4 
60  "  17   "    =10.2 

250  "  14   **    =  35.0 

The  following  table  shows  a  few  of  the  many  series  possible  when 
different  arbitrary  values  are  assigned  to  four  of  the  six  quantities : 
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lOjJ 

l» 

y^ 

165< 

n^ 

14^ 

4 

70 

30 

17 

44 

85 

250 

15 

10 

60 

120 

20 

25 

250 

6 

68 

32 

15 

36 

93 

250 

6 

68 

32 

12 

42 

90 

— ^-. 

250 

4 

72 

12 

40 

74 

48 

250 

20 

60 

40 

6 

44 

80 

250 

24 

16 

46 

92 

32 

40 

250 

10 

20 

78 

50 

40 

52 

250 

24 

22 

40 

80 

44 

40 

250 

CHAPTER    IV. 

HEAT. 

One  of  the  most  valuable  aids  to  the  pharmacist  in  the  numer- 
ous manipulations  of  the  store  and  laboratory  is  heat;  hence  a 
knowledge  of  its  varied  application  and  the  modes  of  controlling 
and  directing  its  influence  is  necessary. 

The  undulatory  theory  regarding  heat  is  now  accepted  by  all 
scientists ;  this  declares  heat  to  be  a  force  generated  by  the  motion 
of  the  molecules  of  bodies,  and  that  it  is  the  increase  or  decrease  of 
this  molecular  energy  that  gives  rise  to  the  conditions  designated  as 
hot,  warm,  and  cold.  No  body  is  entirely  without  motion  of  its 
molecules,  hence  the  terms  heat  and  cold  are  merely  relative ;  more- 
over, different  bodies  have  diifei*ent  capacities  for  heat,  as  is  clearly 
•proved  by  two  persons  entering  the  same  apartment,  one  of  whom 
may  complain  of  uncomfortable  warmth,  while  the  other  experi- 
ences a  chilly  sensation.  The  chief  effect  of  heat,  or  increased 
molecular  motion,  is  to  overcome  the  force  of  cohesion  and  expand 
the  volume  of  bodies  by  increasing  the  intermolecular  spaces ;  the 
three  states  of  aggregation,  known  as  solid,  liquid,  and  gaseous, 
being  the  result  oi  cohesive  force,  are,  therefore,  dependent  upon  the 
amount  of  heat  generated  in  or  applied  to  a  body. 

All  solid  bodies,  when  their  molecular  motion  has  become  suffi- 
ciently intensified,  will  become  luminous,  as  is  shown  by  the  spark 
emitted  when  steel  and  flint  are  struck  together,  or  by  the  kindling 
-of  flame  when  two  pieces  of  dry  wood  are  rubbed  together  vigor- 
ously for  some  time. 

Oftentimes  the  luminosity  of  heated  bodies  is  used  to  indicate 
the  degree  of  heat  exhibitea ;  hence  such  terms  as  dull-red  heat, 
cherry-red  heat,  and  white  heat,  of  which  the  first  named  is  pro- 
duced during  ordinary  combustion  of  fuel  in  a  stove,  without  a 
strong  drau^t  of  air,  while  the  last  named  is  the  result  of  most 
intense  activity  in  molecular  motion,  brought  about  by  the  aid  of  a 
powerful  air-blast  in  the  combustion  of  fuel  or  by  the  use  of  electric 
currents. 

Heat  may  be  either  active  or  latent ;  the  former  increases  the 
temperature  of  bodies  and  causes  their  expansion,  while  the  latter  is 
heat  hidden,  after  the  expansion  has  been  effected,  for  the  purpose 
of  keeping  up  the  expansion.  Active  or  sensible  heat  may  be  meas- 
ured by  its  effect  on  mercury,  upon  which  latent  heat  makes  no 
impression;  the  latter  can  be  converted  into  the  former,  however,  by 
pressui'e  and  other  agencies. 
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Heat  is  in  almost  daily  use  by  the  pharmacist  in  the  operations 
of  solution,  fusion,  evaporation,  and  decoction,  and  may  be  applied 
€i(lier  by  direct  contact  with  the  burning  fuel  or  through  the  agency 
of  some  interposed  medium.  The  use  of  coal  as  a  fuel  for  the  pro- 
duction of  steam  is  confined  to  manufacturing  establishments,  the 
retail  pharmacist  finding  illuminating-gas  or  some  of  the  various 
kinds  of  coal-oil  better  adapted  to  his  wants.  Wherever  illuminat- 
ing-gas is  available  it  is  decidedly  the  most  desirable  fuel  at  the 
present  day,  not  only  because  its  supply  is  constant,  but  also  because 
with  modern  apparatus  and  appliances  it  can  be  kept  completely 
under  control,  and  thus  the  greatest  amount  of  heating  power  be 
obtained  at  a  minimum  of  cost.  In  the  course  of  time  electricity 
will  no  doubt  become  an  active  competitor  of  gas  for  heating  pur- 
poses in  pharmaceutical  laboratories,  as  its  use  in  the  arts  and  for 
domestic  purposes  has  already  demonstrated,  Kig.  48  illustrates  an 
electric  plate-stove,  simple  in  construction  and  very  convenient  for 
boiling  and  distilling  inflammable  liquids. 


KleetrU)pUt»itove,  ahairliisiwIMh  for  legnlatlng  tha  current 

Gasoline  vapor  and  kerosene  are  extensively  employed  for  the 
generation  of  heat  in  localities  where  illuminating-gas  cannot  be 
procured  ;  although  both  are  quite  cheap  in  price,  a  certain  element 
of  danger  attends  the  use  of  the  former,  whde  the  latter  is  open  to 
the  objections  that  it  cannot  be  burned  without  the  aid  of  a  wick,  that 
its  flame  deposits  soot  unless  the  wick  is  carefully  watched,  and  that 
its  oombustton  is  freonently  accompanied  by  a  more  or  less  disagree- 
able odor.  For  small  operations  alcohol  olfers  an  excellent  fuel  of 
good  heating  capacity ;  its  high  price  forbids  its  more  extensive  use. 

The  amount  of  heat  produced  by  the  combustion  of  any  particu- 
lar fuel  is  constant,  no  matter  how  the  combustion  is  effected  ;  but 
the  ini£Tmty  of  heat  is  dependent  upon  the  rapidity  of  combustion  ; 
therefore,  the  finer  the  division  of  the  fuel,  the  more  rapidly  will 
it  be  burned  or  oxidized,  and  consequently  the  greater  will  be  the 
d^ree  of  heat  generated. 

Varions  appliances  have  been  designed  for  the  production  of  heat 
for  pharmaceutical  purposes,  of  which  a  few  are  shown  herewith,  as 
it  18  assumed  that  either  gas  or  coal-oil  is  available  everywhere. 
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Wlien  the  price  of  alcohol  is  not  an  object,  this  fuel  is  preferable 
to  coal-oil  where  illuminadug-gas  is  not  uvailabie.  Fig.  49  repre- 
sents a  very  conv^aient  form  of  spirit  lamp,  nickel-plated  and  pro- 
vided with  a  regulating  screw  for  the  wick ;  it  is  not  easily  upset, 
and  answers  well  for  small  operations  at  the  dispensing  counter. 

BarthePs  alcohol   lamp,  Fig.   50, 
was  introduced  in  Germany  in  1891,  Fig.  60. 

and  is  capable  of  producing  an  in- 
tense heat  by  the  combustion  of 
alcohol  vapor.  This  lamp,  which  is 
perfectly  safe,  is  extensively  used  in 
Europe ;  it  is  made  of  metal,  has  a 
lateral  capped  orifice  for  filling,  and 

Fig.  49. 


Nickel-plated  spirit  lamp. 


Barthel's  alcohol  lamp. 


Fig.  51. 


bears  a  central  tube,  closed  on  top,  which  carries  a  solid  wick. 
This  is  not  itself  ignited,  but  only  serves  to  draw  up  alcohol  from 
the  reservoir.  To  the  wick-tube  is  attached  a  second  tube,  tlie 
burner-tube  proper,  which  receives  the  vapors 
from  the  wick.  The  burner-tube  contains  a 
wire  diaphragm,  which  can  be  raised  or  low- 
ered by  means  of  the  regulating  screw,  and 
thus  a  higher  or  lower  flame  obtained  as 
desired.  When  the  lamp  is  to  be  used,  the 
wick-tube  must  be  heated  slightly  by  means 
of  a  lighted  match,  so  as  to  drive  some 
alcohol  vapor  into  the  burner-tube,  where  it 
is  then  ignited.  It  will  then  continue  to 
draw  up  alcohol  vapor  of  its  own  accord. 
The  efficiency  of  the  lamp  is  shown  by  the 
fact  that  a  quart  of  water  can  be  raised  from 
15^  C.  (59°  F.)  to  the  boiling-point  in  eight 
and  three-quarters  minutes,  witn  an  expendi- 
ture of  about  1  ounce  of  alcohol ;  low-grade  alcohol  of  75  or  80  per 
cent,  evaporates  less  rapidly  than  stronger  alcohol  and  produces 
equally  good  results. 

For  the  combustion  of  coal-oil,  stoves  are  now  manufactured 
which  are  claimed  to  produce  a  smokeless  and  odorless  flame ;  the 


Whitney's  coal-oil  stove. 
(Single  burner.) 


heating  capacity  of  these  stoves  is  quite  considerable,  and  is  regu- 
lated by  means  of  screws  for  raising  and  lowering  the  wick.  Fig. 
51  represents  the  Whitney  patent  hot-blast  stove,  iu  which  the 
wick  chamber  is  separate  from  the  ail  reservoir.  Coal-oil  stoves 
may  be  had  \tith  one,  two,  or  three  wicks,  and  require  some  atten- 
tion, so  that  the  wicks  shall  always  be  kept  well  trimmed  and  free 
from  carbonaceous  matier;  to  avoid  a  deposit  of  soot,  the  wick 
should  never  be  allowetl  to  touch  the  vessel  to  be  heated. 

It  is  well  known  that  the  illuminating  power  of  gas  denends  upon 
the  iucandescence  of  [wrticies  of  unconsumed  carbon,  and  tnat  if  these 
particles  be  brought  to  complete  combustion  by  the  appropriate  use 
of  air  (atmaspheric  oxygen)  (he  luminosity  of  the  flame  will  be  de- 
creased, hut  its  heating  power  will  be  intensified.  A  yellow  carbon- 
ized flame,  also  known  as  oil  flame,  because  resembling  that  produced 
by  the  combustion  of  oil,  is  never  well  adapted  for  heating  purposes. 


Fletcher  low-tempemlure  burner.  Foot-blower. 

besides  depositing  considerable  soot  or  carbon  on  the  bottom  of  vessels 
placed  over  it.  In  all  modern  gas-heating  apparatus  proper  provision 
is  made  for  mixing  the  illuminating-gas  with  such  a  proportion  of  air 
that,  when  the  mixture  is  ignited,  a  purely  blue  flame  will  result,  indic- 
ative of  complete  combustion ;  the  flame  of  burning  alcohol  resembles 
such  a  flame.  A  large  variety  of  gas  burners  and  stoves  is  now 
ofl^ered,  intended  to  furnish  both  high  and  low  powers  of  heat.  Of 
these,  probably  none  has  a  wider  range  in  heating  capacity  than  the 
Fletcher  low-temperature  burner  (Fig,  52),  any  degree  of  heat  from 
a  gentle  current  of  warm  air  to  bright  red-heat  being  obtninable ;  it  is 
mail  tifactu  red  by  the  Buffalo  Dental  Manufacturing  Company,  of 
Buffalo,  N.  Y,  The  burner  consists  of  a  ring  of  iron  tubing,  v, 
perforated  on  the  upper  side,  and  enclosed  in  a  cylinder  of  cast 
iron,  over  which  a  diaphragm  of  wire  gauze.  A,  is  fastened  ;  there 
is  a  space,  b,  between  the  lower  end  of  the  cylinder  and  the  bottom 
of  tlie  apparatus,  for  the  admission  of  air,  and  a  tube,  c,  for  the 
attachment  of  a  pipe  from  a  bellows  when  a  blast  is  to  be  used  for 
producing  [wwerful  heat.     When  a  gentle  heat  is  desired,  the  gas  is 
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lighted  through  the  opening  b,  thus  heating  the  air  as  it  flows  upward 
and  escapes  through  the  gauze  A.  For  a  stronger  heat  the  gas  and 
air  mixed  are  lighted  above  the  wire  gauze,  and  a  steady^  smokeless 
blue  flame  is  thus  obtained.  As  any  rubber  tubing  attached  to  D  is 
apt  to  become  very  hot,  it  should  either  be  wrapped  with  a  small  wet 
cotton  cloth,  dipping  in  water,  or,  what  is  still  better,  about  eight 
inches  of  gas-pipe  should  be  permanently  attached  to  D,  to  which 
the  rubber  supply-tube  may  be  secured  when  wanted.  Fig.  53  rep- 
resents a  convenient  foot-blower  for  use  with  any  gas  furnace  requir- 
ing a  strong  supply  of  air ;  the  rubber  disk  is  well  protected  by  netting. 
For  small  operations  at  the  dispensing  counter  Bunsen  burners  are 
usually  employed,  which  are  so  constructed  that  a  small  supply  of 
gas  is  made  to  yield  a  strong  heat  by  admixture  with  air,  whereby 

gjrfect  combustion  is  eflTected.  One  drawback  to  the  majority  of 
unsen  burners  in  the  market  is  the  tendency  to  "light  back" — ^that 
is,  when  the  flame  is  reduced,  it  is  apt  to  recede  and  ignite  the  gas 
at  the  pinhole  orifice  in  the  tube ;  tne  most  effectual  method  of 
overcoming  this  difficulty  is  to  contract  the  orifice  of  the  tube  and 
introduce  a  gauze  diaphragm  into  it  near  the  top,  which,  how- 
ever, reduces  the  heating  power  of  the  flame.  Among  the  large 
variety  of  Bunsen  burners  sold,  a  few  have  been  found  specially 
adapted  to  the  needs  of  the  pharma- 
cist, and  are  here  illustrated.  Fig.  55. 
Fig.  54  represents  a  low  form 
of  burner,  3  inches  high,  made  in 

Fro.  54, 


Bansen  burner,  low  form  with  crown. 


The  Acme  safety  burner. 


two  sizes, with  tubes  of  ^  and  |  inch  diameter,  respectively;  with 
the  aid  of  a  contracted  brass  cap  the  flame  can  be  turned  down  quite 
low  without  receding.  When  it  is  desired  to  distribute  the  flame  the 
brass  crown  shown  in  the  cut  should  be  attached,  after  removal 
of  the  brass  cap ;  the  crown  being  provided  with  three  supports, 
does  away  with  the  necessity  for  a  tripod.     The  burner  is  made 


hj  Bullock  &  Crenshaw,  of  Philadelphia,  and  will  be  found  very 
serviceable  for  all  smaller  operations.  In  Fig.  S5  is  shown  the 
Acme  bnmer,  patented  in  1891  by  T.  Boyce,  of  New  York  ;  this 
13  probably  the  most  satiiifactory  burner  made  for  small  operations 
at  the  dispensing  counter,  and  can  be  used  with  coal 
or  gasoline  gas.     Each  burner  is  provided  with  Fio.  56. 

two  tubes,  one  of  the  regular  Bunseo  pattern,  the 
other  with  a  gauze  aafety-tip  (Fig,  56),  permit- 
ting the  flame  to  be  tumeo  down  as  low  as 
deured,  and  out  without  receding.  The  supply 
of  gas  is  regulated  by  turning  the  tube  at  A  until 
the  desired  size  of  flame  is  obtained ;  by 
turaiDg  the  milled  disk,  B,  up  or  down,  it  being 
threaded  and  moving  upon  the  nipple,  the  air- 
supply  is  adjusted.  The  height  of  the  burner  is 
5^  inches,  including  the  base.  The  Finkner 
burner  (Fig.  67)  yields  a  very  satisfactory  flame, 
but  is  not  adapted  for  very  strong  heat ;  it  is  so 
coDstructed  that  the  supply  of  gas  and  admixture 
of  air  can  be  simultaneously  r^ulated  by  turning 
the  milled  head.  Fig.  68  represents  a  convenient  g;"\"  "cm^burni? 
adjustable  burner ;  by  turning  the  screw,  which  is 
accessible  to  the  fingers  while  the  burner  is  in  use,  the  gas  orifice 
can  be  BO  adjusted  that  any  desired  flame  may  be  had.  The 
air-aupply  is  adjusted  by  turning  the  air-regulator  up  or  down, 


Ttie  Finkner  burner.  Adjiuteble  Buneen  burner. 

it  being  thrmded  and  moving  upon  the  burner  tube.  The  mov- 
ing of  the  point  up  through  the  gas  orifice,  while  reducing 
tlie  gas  quantity  and  size  of  the  flame,  does  not  reduce  the  gas 
pressure ;  the  gauze  s^ety-tip  (Fig.   56)  may  also  be  attached  to 
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this  burner  when  a  very  stnatl  flame  is  tlesired.  For  muDtaining 
low  temperatures,  as  in  the  testing  of  pepsin  and  similar  0|>e- 
rstiona,  the  double   minim  burner  (Fig.  59)  will  be  found  useful. 

For   use   with    inflammable 
liquids  the  apparatus  illustrated  Fio.  60. 

in  Fig.  60  will  be  found  ser- 
viceable, the  burner  being  sur- 
rounded with  safety  gauze, 
which  prevents  the  flame  from 
communicating  with  the  vapor 
on  the  outside,  tlie  principle 
being  the  same  as  in  tne  Davy 
safety  lamps. 

Fletcher's  radial  burner  (Fig. 
61)  posaes-sea   some  advantages 
over  other  heaters  in  containing    . 
no   loose    parts   and    in    being 
made  entirely  of  annealed  cast- 

FiG.  5». 


iron  ;  it  is  practically  indestructible ;  if  choked  with  dirt,  it  is  i-eadily 
cleaned  with  a  card  or  spatula.     When  in  use,  the  flames  are  practt- 


FlcUher's  radial  burner. 


cally  edid  and  show  no  tendency  to  run  to  a  point  in  the  centre ;  tlie 
mptiou  of  gas  amounts  to  from  12  to  18  cubic  feet  per  hour. 
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and  the  burner  will  accomniodate  vessels  from   10  to  18  inches  in 
diameter. 

For  lai^r  opferations  the  "  Jewel "  gas-stove,  Fig.  62,  manufact- 
ured by  George  M.  Clark  &  Co.,  Chicago, 
will  be  found  very  serviceable.     The  cast-  Fio.  62. 

iron  frame  in  12. inches  square  and  6 
inches  higii,  thus  standiug  very  lirm  and 
capable  of  supporting  large  vessels.  The 
gas  is  properly  mixed  with  air  before  it 
enters  the  radial  burner,  where  perfect 
combustion  is  effected,  as  shown  by  the 
pale-blue  flame,  which  can  be  turned  down  very  low  without  flick- 
Fio.  63.  Fio.  64 


Kelcbert'i  thermocUt  The  Bumen-Kemp  gu  regulntor  or  thermortat. 

«ring.     It  consumes  about  8  cubic  feet  of  gas  per  hour,  and  is  a 
most  efficient  heater. 
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¥iqT  65. 


Fig.  66. 


For  regulating  the  degree  of  heat  within  certain  narrow  limits^ 
special  appliances  have  been  devised,  known  as  thermostats,  by 
means  of  which  thq  supply  of  gas  admitted  to  the  burner  is  auto- 
matically controlled  by  expansion  and  contraction  of  mercury  con- 
tained in  glass  cups  or  tubes  kept  in  contact  with  the  air  or  liquid 
the  temperature  of  which  it  is  desired  to  maintain  at  or  near  certain 
points.  All  gas  supplied  to  the  burner  is  made  to  pass  through  the 
thermostat,  and  the  required  temperature  having  been  reached,  the 
gauge  is  set  by  means  of  a  screw,  after  which  the  supply  of  gas  is 
controlled  by  the  expansion  of  the  mercury  caused  by  an  increase  of 
heat.     Figs.  63  and  64  show  two  thermostats  frequently  employed. 

For  ordinary  operations,  quite  a  fair  regulation  of  temperature 
can  be  eflTected  by  means  of  the  Hofmann  screw  compressor  (see 
Fig.  65).     The  supply  of  gas  being  turned  on  full  at  the  key  and 

the  screw  having  been  slipped 
over  the  rubber  tubing,  the  latter 
is  compressed  until  the  desired 
temperature  is  reached  and  main- 
tained for  some  time.  This  plan 
is  especially  effective  in  connec- 
tion with  an  air-bath  when  a  tem- 
perature between  110°  C.  (230° 
F.)  and  115°  C.  (239°  F.)  or 
higher  may  be  desired.  For 
definite  lower  temperatures  be- 
tween 60°  C.  (140°  F.)  and  100° 
C.  (212°  F.)  the  best  method  for  maintaining  con- 
stancy is  by  means  of  the  Victor  Meyer  air-bath 
(see  Fig.  66),  which  is  so  constructed  that  liquids 
of  known  boiling-points,  below  that  of  water,  are 
heated  in  a  jacket  surrounding  an  inner  compart- 
ment. A  small  quantity  of  the  liquid,  6  or  8  Cc., 
is  put  into  the  outer  jacket,  and  loss  by  evapora- 
tion prevented  by  means  of  a  long  glass  tube  in- 
serted through  the  top  of  the  jacket  for  the  pur- 
pose of  condensing  the  vapors  and  allowing  the 
resulting  liquid  to  flow  back.  These  Meyer  air- 
baths  are  much  used  in  analytical  laboratories, 
and  may  be  employed  for  temperatures  above 
100°  C.  (212°  F.)  as  well  as  below. 

The  steam  boiler.  Fig.  67  designed  by  Prof,  victor  Meyer  air-bath. 
E.  L.  Patch,  is  a  most  convenient  source  of 
heat  for  the  requirements  of  a  small  laboratory.  The  boiler,  22 
inches  high  and  10  inches  in  diameter,  is  made  of  steel,  contains 
20  flues,  and  is  covered  with  a  thick  layer  of  asbestos  composi- 
tion, to  prevent  loss  of  heat  by  radiation ;  it  has  a  capacity  of  7 
fallons,  and  possesses  one  great  advantage — that  it  can  be  heated 
y  means  of  either  a  gas  or  a  coal-oil  stove.     Being  provided  ^th 


Uofknann'8  screw 
compressor. 


a  water^aage,  safety-valve,  and  manometer,  the  boiler  is  as  com- 
plete as  any  of  larger  size,  and  steam  can  be  carried  from  it  to  any 
point  desired;  it  is  usually  filled  from  above  at  the  safety-valve, 
but  wherever  water  service  is  available  an  injector  may  be  attached, 
so  as  to  allow  of  filling  while  steam  pressure  is  on.     The  coil  of 

Eipe  in  the  conically  shaped  metal  case  on  the  side  may  be  used  for 
ot  filtration,  evaporation  or  drying  purposes. 


It  is  well  known  that  steam,  when  confined,  is  capable  of  absorb- 
ing large  (quantities  of  heat,  and  its  temperature  rises  pniiHirt  ion  ally 
to  the  pressure  exerted  upon  it ;  dense  aqueous  solutions,  therefore, 
can  readily  be  boiled  by  means  of  superheated  steam. 

For  the  proper  control  and  distribution  of  heat,  different  devices 
are  employe.  When  direct  flame  is  to  be  applied  to  porcelain  or 
glass  vessels  the  interposition  of  wire-gauze  or  asbestos  cloth  will  be 
fonnd  very  desirable ;  for  not  only  will  the  heat  be  supplied  to  a 
greater  extent  of  sur^ce  by  radiation,  but  at  the  same  time  it  will 
be  uniformly  distributed,  and  thus  insure  more  r^ular  heating, 
which  of  itself  is  very  important,  considering  the  frail  character  of 
flasks  and  dishes. 

The  sand-bath  is  employed  for  temperatures  above  that  of  boil- 
ing water,  and  is  chiefly  intended  to  furnit^h  a  continuous  supply 
of  high  heat  and  to  prevent  sudden  depression  of  temperature  from 


88  GEXERAL  PHARMACr. 

extraneous  causes;  it  is  invaluable  in  the  distillation  of  certain  liquids 
(acids,  etc.)  from  glass  vessels,  and  may,  Ite  either  of  deep  or  shallow 
form  (see  Figs.  68  and  69).  The  deep  sand-bath  consists  of  an  iron 
pot  or  basin  containing  sufficient  dry  line  sand  so  that,  if  desired, 
the  retort  or  flask  may  be  entirely  surrounded  by  the  same.  The 
best  shallow  sand-baths  are  made  of  Russian  sheet-iron,  and  are 


Sacd-baUi,  ihallow  roim.  Eaud-balh,  deep  (unn. 

well  adapted  for  heating  flasks  and  beakers,  which  require  only  suf- 
ficient sand  to  form  a  good  bed  of  snp(>ort,  since  an  excessive 
amount  would  involve  a  waste  of  heat. 

For  use  in  a  laboratory  where  steam  is  available  a  permanent 
8and-bath  may  be  pnivided  as  shown  in  Fig.  70.  It  is  constructed 
from  an  ordinary  galvanized-iron  sink  and  lai^  gas-pipe,  about  j 
to  1  inch  in  diameter,  arranged  horizontally  as  shown  in  the  figure. 

Fio.  70. 


Sand  to  the  depth  of  2  or  3  inches  may  be  poured  over  the  pipes, 
which  will  form  an  excellent  bed  for  flasks,  aishes,  and  l>eakers. 

Other  apparatus  for  the  use  of  lieat  above  that  of  boiling  water, 
yet  avoiding  contact  with  flame  direct,  are  oil-liaths,  saline-solution 
baths,  glycerin-baths,  or  paraffin-baths:  these  are  constructed  like 
water-Mths,  and  readilv  furnish  temperatures  ranging  from  100*  to 
300°  C.  (212°  t«  572°  'F.). 


For  all  operations  requiring  a  degree  of  heat  below  that  of  boil- 
ing water  water-baths  will  be  found  indispensable;  they  may  be 
made  with  either  a  n)und  or  a  flat  bottom,  as  shown  in  Figs.  71  and 
72,  and  provided  with  a  set  of  concentric  rings  to  adapt  tliem  for 


Round  battnm  iraler-balh.  Flat'bottani  water-bath. 

use  with  dishes  or  flasks  of  various  sizes.  Water-batlis  made  of 
extra  heavy  tin  will  last  a  long  time  (provided  they  be  dried  properly 
after  use),  and  do  not  cost  much,  while  copper  is  far  more  expen- 
sive, but,  on  the  other  hand,  resists  tlie  action  of  heat  and  water 
better  than  tinned  iron.     As  long  as  the  vapor  of  boiling  water  is 

FiH.  73. 


allowed  to  escape  freely  no  amount  of  heat  applied  to  the  vessel  can 
possibly  increase  the  temperature  of  the  water  above  that  of  boiling, 
and,  as  some  heat-power  ib  lost  iluring  transmission  from  the  water- 
bath  to  the  vessel  resting  upon  it,  the  liquid  contained  in  such  vessel 
will  always  be  found  a  few  degrees  lower  in  temperature  than  the 
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water  in  the  bath ;  under  no  circumstances  can  aqueous  liquids  be 
made  to  boil  in  dishes  placed  in  water-baths.     The  name  vapor-bath 
is  in  the  majority  of  cases  more  appropriate  than  water-bath,  since 
the  vessel   heated  bv  it  does 
Fm.  74  not,  as  a  rule,  come  m  contact 

with  the  water  for  any  length 
of  time,  but  derives  its  heat 
from  the  vapor  or  steam  rising 
from  the  water  and  not  con- 
fined by  pressure. 

To  avoid  frequent  refilling 
And  consequent  ioterruptioa 
in  long-continued  operations, 
water-baths  are  often  provided 
with  a  constant-supply  attach- 
ment, 03  shown  in  Fig.  73, 
which  also  serves  to  keep  the 
water  at  a  constant  level  iu 
tlie  bath.  The  best  contriv- 
ance for  a  constant  water-balh 
is  that  suggested  by  Dr.  B. 
F.  Davenport,  of  Boston,  and 
shown  in  Fig,  74.  It  con- 
sists of  a  copper  box,  A,  10 
or  15  inches  square,  the  (op 
being  a  brass  plate  \  inch 
thick,  to  enable  it  to  bear 
considerable  weight  without 
yielding.  From  the  point  B 
pr^ects  a  ^-inch  brass  tube, 
BC,  which  turns  up  at  a  right 
angle.  At  £  is  a  stopcock 
which  is  connected  by  a  thick 
rubber  tube  with  the  glass 
tube  DF,  the  latter  being 
fastened  to  the  adjoining  wall. 
Connected  with  C  by  a  rubber 
tube-Joint  is  a  j^-inch  block-tia 
tube  of  20  feet  length,  which 
extends  up  the  wall,  to  which 
it  is  fastened  for  10  feet  to  the 
point  T,  whence  it  returns  and 
Divenporta conatant  wMet-bath.  ends  jUSt  OVer  the  top  of  the 

glass  tube  at  D.  The  bath  is 
filled  with  water  (preferably  distilled)  to  just  the  level  B  ..b.  The 
steam  generated  by  the  constant  boiling  is  condensed  in  the  tube 
CTD,  either  before  or  after  reaching  the  top  T,  and  returns  to  the 
bath  at   C  or  at  D,  where  it  drops  into  the  glass  water-gauge  DF. 


f 
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Having  once  been  filled,  the  water  need  not  be  replenished  for 
years,  and  there  being  no  outlet  for  the  steam  except  into  the  con- 
densing tube,  the  air  surrounding  the  water-bath  will  be  kept  con- 
stantly dry — ^a  very  desirable  point  in  the  evaporation  of  liquids. 
If  the  water-bath  is  desired  for  use  at  fixed  temperatures,  a  ther- 
mometer may  be  introduced  through  a  cork  fitted  to  a  tube  inserted 
in  the  cover  of  the  bath. 

The  boiling-point  of  a  liquid  is  that  at  which  the  elasticity  of 
its  vapor  overcomes  the  pressure  of  the  surrounding  atmosphere ; 
or,  in  other  words^  beyond  which  it  cannot  continue  as  a  liquid 
without  increased  pressure.  Normal  atmospheric  pressure,  15 
pounds  to  the  square  inch,  which  is  equal  to  the  pressure  of  a 
column  of  mercury  760  Mm.  (29.87  +  inches)  in  height,  is  always 
assumed  when  referring  to  the  boiling-point  of  a  liquid,  for  any 
modification  of  the  former  will  change  the  latter ;  thus  water,  which 
ordinarily  boils  at  100°  C.  (212°  F.),  has  been  known  to  boil  at  84° 
C.  (183.2°  F.)  on  Mont  Blanc,  and  even  at  35°  C.  (95°  F.)  in  a 
vacuum  apparatus ;  while  under  greatly  increased  pressure,  as  in 
Papin's  digester,  it  has  been  heated  to  160°  C.  (320°  F.)  without 
boili]^.  There  exists  also  a  great  variability  in  the  boiling-points 
of  different  liquids  under  normal  conditions ;  for,  while  official  ether 
boils  at  about  35.6°  C.  (96°  F.),  chloroform  requires  a  temperature 
of  60.5°  C.  (140.9°  F.),  alcohol  78°  C.  (172.4°  F.),  glycerin  165°  C. 
(329°  F.),  mercury  about  357°  C.  (674.6°  F.). 

The  simplest  method  for  determining  the  boiling-point  of  a 
liquid  is  to  introduce  some  of  it  into  a  flasK  provided  with  a  lateral 
tube  in  the  neck  and  a  thermometer  passing  through  the  cork,  as 
shown  in  Fig.  75,  or  into  an  ordinary  Florence  flask  provided  with 
a  double  penorated  cork,  through  one  orifice  of  which  a  thermome- 
ter is  inserted  and  through  the  other  a  bent  glass  tube,  as  repre- 
sented in  Fig.  76.     If  inflammable  or  noxious  vapors  are  likely  to 
be  evolved,  the  tube  from  either  flask  may  be  connected  with  a 
condenser.     It  is  important  that  the  thermometer  should  not  be 
immersed  in  the  liquid,  but  only  introduced  into  the  flask  so  far 
that  the  bulb  may  be  enveloped  by  the  vapor  of  the  boiling  liquid, 
as  shown  in  the  illustrations.     Heat  shoula  he  carefully  applied  and 
gradually  increased  until  the  liquid  boils  actively,  at  which  time 
the  boiling-point  will  be  indicated  by  the  height  of  the  mercurial 
column  in  the  thermometer.     In  the  case  of  very  accurate  determi- 
nations, it  may  be  necessary  to  make  corrections  for  increased   or 
decreased  atmospheric  pressure  ;  and  according  to  Kopp,  the  correc- 
tion amounts  to  1°  C.  (1.8°  F.)  for  every  27  millimeters  above  or 
below  the  normal  height  of  the  barometer  column  of  mercury.     In 
order  to  avoid  errors  which  might  arise  from  the  cooling  of  the 
lon^   mercurial  column  outside  of  the  flask,  specially  constructed 
thermometers,  known   as   Zincke's   thermometers   (see   p.   99)  are 
UBoally  employed  for  temperatures  above  100°  C.  (212°  F.). 

Fusible  substances  when  gradually  heated  to  their  melting-point 
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do  not  all  behave  in  the  same  manner;  as  a  general  rule,  or^stalliz- 
ahle  bodies  become  brittle  just  before  melting,  while  noD-cryslalHs' 
able  substances  assume  a  plastic  condition.  When  fusion  commeoces 
they  combine,  as  it  were,  with  heat  in  an  intimate  manner — that  is, 
they  occlude  heat,  bo  that  the  further  addition  of  heat  does  not  cauae 
any  rise  in  temperature  until  all  of  the  substance  has  become  liqiie- 
fied.  The  heat  thus  disappearing  is  calleil  the  latent  heat  of  fluidity, 
because  it  is  used  to  change  the  solid  form  of  a  body  into  the  liquid 
form  without  any  change  in  the  t«mperature  of  the  body ;  thus  if 
cnisbed  ice  be  heatwl,  the  temperature  will  not  vary  from  0°  C,  {32° 
P.)  while  the  ice  is  melting,  and  when  completely  changed  to  water 

Fig.  75.  Fig.  76. 


FloskB  arran^d  for  findfng  the  bOillng-polnt  Of  a  liqnld. 

the  temprature  of  the  water  will  also  be  0°  C.  (32°  IV)  provided 
the  application  of  heat  be  not  continued  beyond  fusion.  The  amount 
of  heat  necessary  to  produce  complete  fusion  varies  with  different 
substances  and  at  different  temperatures  ;  thus  in  the  case  of  ice  at 
0°  C.  (32°  F.),  it  has  been  found  equivalent  to  the  amount  of  heat 
necessaiy  to  raise  the  temperature  of  an  equal  weight  of  water  from 
0°  C.  (32°  F.)  to  79.25°  0.  (174.65°  F.).  This  was  determined  as 
follows :  Two  ves.sels  containing  respectively  equal  weights  of  ice  and 
water  at  0°  C.  (32°  F,),  and  each  provided  with  a  thermometer,  were 
heated  in  a  bath  of  water;  at  the  moment  when  the  ice  had  com- 
pletely melted  the  temperature  was  indicated  as  still  at  0°  C  (32° 


HEAT.  93 

F.),  v^hile  the  temperature  of  the  water  in  the  other  vessel  had  risen 
fromO°  C.  (32^  F.)  to  79.25°  C.  (174.65°  F.).  If  1  pound  of  ice 
at  0°  C.  (32°  F.)  and  1  pound  of  water  at  100°  C.  (212°  F.)  be 
mixed  so  as  to  avoid  loss  by  evaporation,  the  result  when  all  the  ice 
has  melted  will  be  2  pounds  of  water  at  10.4°  C.  (50.7°  F.) ;  whereaa 
if  1  pound  of  water  at  0°  C.  (32°  F.)  be  mixed  with  1  pound  of 
mter  at  100°  C.  (212°  F),  the  result  will  be  2  pounds  of  water  at 
50^  C.  (122°  F).  In  the  first  case,  79.25  C.  (142.65  F.)  degrees 
of  heat  were  withdrawn  from  the.  boiling  water  to  melt  the  ice  at 
0°  C.  (32°F.)  into  water  at  0°  C.  (32°  F.) ;  but  in  the  second  case 
this  wsLS  not  necessary,  and  the  mixture  assumed  the  mean  tempera- 
ture of  the  two  liquids.  Physicists  express  this  latent  heat  of  fusion 
in  terms  of  calories,  the  word  calorie  being  used  to  designate  the 
amount  of  heat  necessary  to  raise  the  temperature  of  1  gramme  of 
w-ater  from  0°  C.  (32°  F.)  to  1°  C.  (33.8°  F).  The  latent  heat  of 
fluidity  of  water  being  known  as  79.25°  C,  a  simple  rule  can  be 
formulated  for  ascertaining  the  amount  of  ice  necessary  to  reduce 
any  given  weight  of  water  from  a  stated  temperature  to  a  stated 
lower  temperature,  as  follows: 

Add  the  desired  temperature  to  79.25  degrees  Centigrade  and  divide 
the  sum  into  t/ie  difference  between  the  stated  {emperaiure  of  the  water 
and  the  desired  temperature ;  the  quotient  will  be  the  required  pro- 
portion of  ice  as  compared  with  the  given  weight  of  water. 

Example  :  How  much  ice  is  required  to  cool  1000  Gm.  of  waiter 
from  100°  C.  to  25°  C.  ? 

79.25  100.0  104.26)75.000(0.7194 

25^  ^5^  72975 

104.25  76.0  20250 

10425 


98250 
93825 


44250 
41700 

Answer:  0.7194  of  1000,  or  719.4  Gm. 

Proof:  The  ice  needs  25°  C.  in  addition  to  the  79.25°  C.  re- 
quired  for  melting  it,  and  the  water  loses  75°  C.  by  the  reduction 
of  its  temperature  to  25°  C. ;  as  the  gain  and  loss  must  balance  each 

other,  it  will  require  ~^  of  1000  Gm.  of  ice,  or  791.4  Gm. 

1U4.^0 

The  law  regarding  latent  heat  of  fluidity  has  a  practical  bearing 
upon  the  fusion  of  various  substances  liable  to  be  injured  by  expos- 
ure to  a  temperature  a  little  above  their  melting-points ;  thus,  a 
pan  of  ointment  or  plaster  may  be  kept  over  a  direct  fire  without 
danger  of  injury  as  long  as  a  potation  of  the  cmtents  remains  un- 
melted,  as  the  increased  amount  of  heat  is  utilized  in  the  change 
of  the  state  of  aggregation. 

The  melting-points  of  solids  are  as  variable  as  are  the  boiling- 
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poiDtfl  of  liquids;  thus,  while  i«e  melts  at  0°C.(32°  F.)aiMl  lard  at 
39°  C.  (102.2°  F.),  sulphur  requires  a  temperature  of  115°  C. 
(239°  F.land  pure  morphiDe  a  temperature  of  255°  C.  (491°  F.). 
The  aetermiiiation  of  the  melting-point  of  a  substance  frequently 
leads  to  its  ideutificatiun,  and  is  a  most  valuable  adjunct  in  the 
examination  of  its  quality.  Some  care  is  requisite  in  determining 
the  melting-point,  so  as  to  insure  accurate  results.  The  best  plan 
is  to  put  a  little  of  the  substance  to  be  examined  into  a  small  capil- 
lary tube  (Fig.  77),  and  after  cnttiog  off  the  enlarged  portion,  which 
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with  tube  *lt»cbed.  lutctuicca. 

is  inteaded  only  for  convenience  in  filling,  attach  the  tahe  to  an 
accurate  thermometer  by  means  of  a  rubber  band  in  such  a  manner 
that  the  tube  lies  close  against  the  thermometer  and  the  substance 
is  on  a  line  with  the  bulb,  as  shown  in  Fig.  77.  The  thermometer 
thus  arranged  may  be  Buspended  in  a  beaker  containing  water, 
sulphuric  acid,  nr  paraffin,  as  shown  in  Fig.  78.  The  liquid  is 
gradually  heated  and  the  temperature  accurately  noted  when  the 
substance  in  the  capillaiy  tube  melts. 
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Fig.  79. 


The  simple  apparatus  shown  in  Fig.  79  is  intended  to  insure 
greater  uniformity  in  heating  the  mercurial  column  of  the  thermom- 
eter by  suspending  the  latter  in  a  tube  enclosed 
within  another  filled  about  f  with  sulphuric  acid. 
The  temperature  of  the  air  surrounding  the  ther- 
mometer in  the  inner  tube  is  kept  uniform  by 
circulation  of  the  acid  fluid  in  the  outer  tube 
when  heat  is  applied. 

The  term  temperature  is  used  to  designate  in^ 
iensUy  but  not  quantity  of  heat,  which  is  measured 
by  a  thermometer^  an  instrument  consisting  of  a 
narrow  capillary  tube  of  uniform  bore,  hermeti- 
cally sealed  at  the  upper  end  and  terminating 
below  in  a  bulb  of  glass.     The  bulb  and  a  por- 
tion of  the  tube  are  filled  with  mercury  (in  some 
cases  with  colored  alcohol  or  toluene),  and  the 
whole  is  provided  with  a  graduated  scale   for 
measuring  the  rise  and  fall  of  the  liauid  within 
the  tube ;  mercury  is  preferred  for  all  tempera- 
tures not  below  —40°   C.   (at   which    point  it 
freezes),  on  account  of  its  non-adhesion  to  the 
sides  of  the  glass  tube  and  consequent  convex 
sur&ce,  and  its  great  sensitiveness  to  even  the 
sli^htost  change  in  temperature.     Absolute  alco- 
Mt,  although  admirably  adapted  for  very  low 
temperatures,  cannot  be  used  for  measuring  heat 
intensity  above  78.3°  C.  (172.9°  F.),  its  boiling 
point     The  space  above  the  liquid  in  the  tube  is 
deprived  of  air,  so  as  to  insure  the  ready  and 
uniform  rise  of  the  liquid  when  expanded   by 
heat. 

As  all  glass  vessels  continue  to  contract  for 
some  time  after  they  have  been  made,  absolutely 
correct  measurement  of  temperature  can  only  be 
obtained  if  the  error  of  the  thermometer  is  known 
and  then  applied  for  correction  of  the  reading. 
Clinical  thermometers,  used  by  physicians  for 
taking  the  temperature  of  fever  patients,  should 
invariably  be  supplied  with  a  certificate  showing 
their  error,  as  this  may  in  some  cases  amount  to 
nearly  ^  d^ree.  Since  1901  the  U.  S.  Govern- 
ment has  had  in  operation  a  Bureau  of  Standards 
in  the  Department  of  Commerce  and  Labor  at 
Washington,  D.  C,  where  clinical  thermometers 
may  be  examined  and  certificated.  The  following 
is  the  method  pursued :  After  careful  examination 
for  defects  of  construction,  the  thermometer  is  compared  with  the 
standard  thermometers  of  the  bureau  at  the  four  test-points  96°, 
100®,  104°,  and  108°,  two  independent  comparisons  being  made  at 
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each  point.  If  the  two  tests  at  any  point  differ  by  more  than 
0.15°  F.,  or  if  the  mean  of  the  two  tests  give  a  correction  in  excess 
of  0.3  degree,  the  thermometer  is  rejected.  Moreover,  errors  in  the 
intervals  between  test^points  must  not  exceed  0.3°  F. ;  for  example, 
if  the  correction  at  96°  is  0.3°,  and  at  100°,  0.1°,  the  error  in  the 
interval  would  be  0.4°,  and  the  thermometer  would  be  rejected. 
Careful  examination  of  the  index  is  also  made,  and  if  upon  trial,  by 
means  of  a  special  whirling  device,  the  index  fails  to  return  to  \t& 
original  position,  showing  that  it  is  too  difficult  to  shake  down,  the 
thermometer  is  rejected.  The  results  of  these  examinations,  in  tab- 
ulated form,  are  furnished  Ihe  applicant  who  submits  the  thermom- 
eters, and  thus  the  exact  error  oi  each  thermometer  becomes  known. 
Pharmacists  who  supply  physicians  with  clinical  thermometers  should 
demand  that  each  instrument  be  supplied  with  a  government  certifi- 
cate. All  clinical  thermometers  should  be  "seasoned"  or  "aged  "  for 
a  year  two  before  they  are  examined,  so  that  any  error  found  may 
remain  constant. 

Experiments  made  by  the  Bureau  of  Standards  have  shown  that 
where  ordinary  domestic  glass  is  used  in  making  all  parts  of  the 
thermometer,  the  average  increase  in  the  reading  at  the  end  of  two 
months  is  0.3  of  a  degree,  and  at  the  end  of  fourteen  months  0.68  of 
a  degree.  If  French  hard  glass  or  Jena  normal  glass  is  used,  the 
average  change  in  the  reading  at  the  end  of  two  montLs  has  been 
found  to  be  only  0.06  of  a  degree,  and  at  the  end  of  fourteen  months 
0.11  of  a  degree.  Some  manufacturers  of  thermometers  now  make 
the  bulb  of  hard  glass  (because  the  contraction  of  this  part  of  the 
instrument  causes  the  greatest  error)  and  the  stem  of  softer  glass. 

Since  1893  thermometers  of  great  accuracy,  intended  for 
very  high  temperatures,  up  to  650°  C.  (1022°  F.),  have  been 
made  in  Germany,  of  special  glass,  known  as  "Jena  resistance 
glass,"  which  is  very  hard  and  non-contractile.  In  order  to  prevent 
boiling  of  the  mercury,  which  ordinarily  occurs  at  about  357°  C. 
(674.6°  F.),  the  capillary  tube  is  expanded  at  the  unper  end  and 
filled  above  the  mercurial  column  with  compressed  dry  carlx)n 
dioxide.  Thermometers  of  still  higher  range  have  been  manufact- 
ured in  which  the  indicator  consists  of  an  alloy  of  sodium  and 
potassium,  instead  of  mercury,  and  which  may  be  used  for  tenijiera- 
tures  as  high  as  650°  C.  (1202°  F.).  The  alloy  is  also  enclosed 
in  "  resistance  glass,"  and  the  space  above  the  alloy  is  filled  with 
nitrogen  at  such  pressure  that  when  the  bulb  becomes  red-hot  the 
pressure  inside  is  equal  to  that  of  the  atmosphere.  The  glass  of 
the  bulb  is  attacked  by  the  alloy  and  stained  brown  ;  but  this 
occurs  at  the  time  of  filling,  and  the  coating  then  formed  upon  the 
surface  of  the  glass  protects  it  from  further  action. 

For  registering  still  higher  temperatures,  instruments  known  as 
pyrometers  are  employed,  which  are,  however,  not  very  trust- 
worthy ;  they  are  of  two  kinds,  Wedgewood's  pyrometer,  based  on 
the  contraction  of  clay,  and  Brogniart's  pyrometer,  based  on  theexpan- 
sion  of  metals.     When  it  is  desired  to  note  the  highest  or  lowest  tem- 
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perature  reached  during  any  fixed  time,  maximum  and  minimum 
thermometer^),  so  constructed  that  a  small  metallic  or  elass  indicator 
is  carried  to  the  highest  or  lowest  point  reached  by  the  mercury  or 
alcoholy  and  left  at  that  point  when  the  volume  again  changes,  are  used. 
Three  different  thermometric  registers,  known  as  the  Fahrenheit, 
R^umur,  and  centigrade  scales,  are  in  use.     The  centigrade  scale  is 
used  in  France,  and  is  now  universally  employed  for  scientific  pur- 
poses, while  the  Fahrenheit  scale  is  in  common  use  in  this  country 
and  Great  Britain,  and  the  Reaumur  scale  is  ordinarily  used  in 
Germany.     The  graduations  of  all  three  scales  are  arbitrary,  yet  based 
apn  careful  observations  of  their  respective  authors.     Fahrenheit,  a 
German,  who,  while   living   in    Holland,   invented   the   mercurial 
thermometer  in  1714,  divided  his  scale   ranging  from  0°  to  96°, 
according  to  three  fixed  points.     The  first  point,  marked  zero,  was 
found  by  noting  the  level  to  which  the  mercury  fell  in  the  thermom- 
eter when  the  instrument  was  immersed  in  a  mixture  of  water,  ice, 
and  ammonium  chloride  (or  sea  salt),  supposed  to  be  the  greatest 
cold  attainable.     The  proportions  used  by  Fahrenheit  for  this  ex- 
periment are  unknown,  and  have  not  been  duplicated  since.     The 
second  point  was  obtained  by  placing  the  thermometer  in  a  mixture 
of  ice  and  water  or  in  melting  ice,  and  indicated  the  level  to  which 
the  mercury  fell  when  thus  immersed.     This  point  was  called  the^ 
beginning  of  freezing,  and  corresponded  with  the  32d  division  of 
Fahrenheit's  scale.     The  third  point  was  that  reached  by  the  mercury 
upon  introducing  the  thermometer  into  the  mouth  of  a  healthy  man, 
and  holding  it  there  for  a  few  minutes.     The  scale  was  afterward 
extended  to  600°.     The  origin  of  the  degree  212  for  boiling  water 
was  probably  accidental,  since  Fahrenheit  does  not  appear  to  have 
used  the  boiling-point  of  water  as  a  fixed  point,  and  had  no  intention 
of  dividing  the  interval  between  his  zero  and  the  boiling-|)oint  of 
water  into  212  parts.     It  is  probable  that  the  212th  division  on 
Fahrenheit's  scale,  after  extension,  happened  to  coincide  with  the 
level  of  the  mercury  in  the  thermometer  at  the  boiling-point  of  water. 
The  present  Fahrenheit  scale  is  evidently  not  identical  with  the 
original,  but  the  result  of  improved  methods  ;  for  while  the  tempera- 
ture of  the  human  body  was  marked  at  96°  on  the  original  scale,  it 
stands  at  98°  on  the  scale  now  in   use.     Reaumur,  a  Frenchman, 
about  1730,  found  that  1000  volumes  of  a  mixture  of  alcohol  with 
^  water  expanded  to  1080  volumes  between  the  freezing-  and  boiling- 
points  of  water,  and  he  marked  these  extremes  as  0  and  80  respect- 
ively, dividing  the  intervening  space  into  80  eqiial  parts.     Celsius, 
a  Swede,  in  1742,  proposed  a  scale  with  0  at  the  boiling-point  of 
water  and  100  at  the  temperature  of  melting  ice.     This  scale  was 
modified  and  inverted  by  Christin,  of  France,  and  Stroraer,  of 
Sweden,  independently,  in   1743,  and  thus  the  present  centigrade 
scale  was  intn)duced.     It  has  also  been  claimed  that  the  centesimal 
division  of  the  thermometric  scale  between  the  freezing-  and  boiling- 
points  of  water  was  first  made  by  Linn6,  the  famous  Swedish  bot-- 
anist,  for  use  in  greenhouses.  .   .  j.  .- 
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When  writing  temperatures  on  the  different  scales,  it  is  customary 
to  use  the  abbreviations  F.  or  Fahr.  for  Fahrenheit,  C.  or  Cent,  for 
centigrade,  and  R.  or  R^um.  for  Reaumur;  as,  32°  F.,  100°  C.,and 
80°  K.  On  all  the  scales  the  d^rees  are  divided  into  flm  and 
mimis  degrees  as  they  may  be  above  or  below  the  zero  point ;  the 
latter  being  always  distinguished  by  the  prefix  of  the  —  sign,  and 
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whenever  this  sign  is  wanting  the  degrees  of  heat  are  understood  to 
be  above  zero;  thus  18°  F.  would  indicate  18  degrees  above  0, 
although  14  degrees  below  the  freezing-point,  etc. 

Fig.  80  illustrates  the  relative  graauation  on  the  respective  tber- 
mometric  scales. 

As  equal  spaces  on  the  centigrade  and  Fahrenheit  scales  are 
divided  into  100  and  180  degrees,  respectively,  it  follows  that  each 
degree  on  the  former  scale  is  equal  to  1.8  degrees  on  the  latter ;  and 
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since  80  degrees  on  the  Reaumur  scale  equal  180  degrees  on  the 
Fahrenheit  scale^  each  degree  of  the  former  must  correspond  to 
2.25  degrees  of  the  latter.  Each  R^umur  degree  is  equal  to  1.25 
centigrade  degrees.  The  following  rules  for  the  conversion  of  ther- 
mometric  values  are  useful. 

To  convert  centigrade  into  Fahrenheit :  Multiply  by  1.8  and  add 
32;  for  any  number  of  degrees  above  or  below  the  fi'eezing-point  on 
the  centigrade  scale  when  multiplied  by  1.8  yields  the  corresponding 
number  of  degrees  above  or  below  the  freezing-point  on  the  Fahren- 
heit scale. 

To  convert  Fahrenheit  into  centigrade  :  Subtract  32  arid  divide  by 
1.8 ;  for  any  number  of  degrees  above  or  below  the  freezing-point  on 
the  Fahrenheit  scale  when  divided  by  1.8  yields  the  corresponding 
number  of  degrees  above  or  below  the  freezing-point  on  the  centi- 
grade scale. 

To  convert  R^umur  into  Fahrenheit,  or  Fahrenheit  into  Reau- 
mur, subditute  2,26  for  1.8  in  the  preceding  rules. 

To  convert  centigrade  into  R^umur,  divide  by  1.25 ;  and  to  con- 
vert R^umur  into  centigrade,  multiply  by  1.25. 

Examples :  Convert  25*'  C.  into  F. ;  25  X  1.8  =  45,  and  45  +  32  «  77.    Answer,  77°  F. 

Convert  -15°  C.  into  F. ;- 15 x  1.  8=  -27,  and  -  27  +  32  =  5.    Answer,  5°  F. 

Convert-40*»C.intoF.;-40xl.8  =  -72,and-72  +  32--40.   Answer, - 40° F. 

Convert «)°  F.  into  C. ;  60  -  32  -  28,  and  28  + 1.8  - 15.55  +.    Answer,  15.55  +  °  C. 

Convert  VS?  F.  into  C;  18-32- -14,  and  - 14  +  1.8  =  -  7.77 +.  Answer, 
-7.77  +  °a 

Convert  - 12.5°  F.  into  C. :   - 12.5  -  32  =  -  44.5,   and  -  44.5  +  1.8 24.72+. 

Answer, —24.72+ °C. 

Convert  30°  R.  into  F. ;  30  X  2J25  =  67.5,  and  67.5  H  32  =  09.5.    Answer,  99.5°  F. 

Convert  -  5°  K.  into  F. :  -  5  x  2.25  =  - 11.25,  and  - 11.25  +  32  =  20.75.  Answer, 
20.75°  F. 

Convert  50°  F.  into  R. ;  50  -  32  » 18,  and  18  -»•  2.25  =  8.    Answer,  8°  B. 

Convert  4°  F.  into  R. ;  4  -  32  «  -  28,  and  -  28  -i-  2.25  =  - 12.4.    Answer,  - 12.4°  B. 

Convert  60°  C.  into  R. ;  60  + 1.25  =  48.     Answer,  48°  R. 

Convert  —  8°  C.  into  R. ;  -  8  +  1.25  =  -  6.4.    Answer,  -  6.4°  R. 

Convert  28°  R.  into  C. ;  28  X  1.25  =  35.    Answer,  35°  C. 

Convert  -  7.5°  R.  into  C. ;  -  7.5  X  1.25  =  -  9.37  +.    Answer,  -  9.37  +  °  C. 

In  order  to  avoid  the  use  of  the  ordinary  long  thermometer  for 
temperatures  above  100°  C,  which  might  frequently  prove  annoying 
and  give  rise  to  inaccuracies  in  scientific  work,  special  short  ther- 
mometers have  been  devised,  so  constructed  that  the  graduations  of 
the  scale  begin  a  little  below  the  boiling-point  of  water  (see  Fig.  81). 
These  instruments,  known  as  Zincke's  thermometers,  are  from  4  to  6 
inches  in  length,  very  accurately  made,  and  are  admirably  adapted 
for  testing  the  melting-  or  boiling-point  of  substances  at  tempera- 
tures above  100°  C. 

In  pharmacy  arbitrary  terms  are  frequently  employed  to  indicate 
temperatures  suitable  for  certain  operations;  tiius  the  term gerMe  heat 
indicates  a  temperature  between  32°  and  38°  C.  (90°-100°  F.),  and 
the  term  moderate  heat  is  employed  when  a  temperature  between  46° 
iind  50°  C.  (113°-122°  F.)  is  to  be  used  and  not  exceeded. 


CHAPTER    V. 

COLLECTION  AND  PRESERVATION  OF  CRUDE  DRUGS. 

Although  the  collection  and  preparation  of  vegetable  drugs  are 
not  in  the  hands  of  the  pharmacist,  but  are  carried  on,  often  in  a 
small  way,  by  special  drug-gatherers  and  -collectors^  it  is  thought 
fit  to  refer  to  the  subject  here. 

The  various  parts  of  plants  used  in  medicine  cannot  be  gathered 
indifferently  at  all  seasons  of  the  year,  since  the  peculiar  juices  of 
the  plant  in  which  its  activity  resides  are  more  abundant  in  some 
parts  than  others  at  certain  periods  of  the  plant's  growth.  Roots 
of  annual  plants  should  be  gathered  immeoiately  before  the  time 
of  flowering ;  those  of  biennials,  either  late  in  the  fall  of  the  first 
year  or  early  in  the  spring  of  the  second  year,  after  the  first  appear- 
ance of  the  plant  above  ground ;  perennial  roots  should  not  be 
gathered  until  after  two  or  three  years'  growth,  and  in  some  cases 
even  four  or  five  years  are  allowed  for  full  maturity.  Fleshy  roots 
should  be  sliced,  either  transversely  or  longitudinally,  previous  to 
drying,  in  order  to  expose  a  larger  surface  to  the  air ;  while  smaller 
and  fibrous  roots  do  not  require  this  treatment.  When  artificial 
heat  is  used  in  drying  roots,  a  temperature  of  50°  to  55°  C.  (about 
122°  to  131°  F.)  is  sufficient,  except  in  the  case  of  a  few  succulent 
roots,  where  the  temperature  may  be  raised  to  65.5°  C.  (160°  F.). 

Barks  of  trees  should  be  gathered  in  the  spring,  but  those  of 
shrubs  in  the  autumn,  for  at  these  seasons  they  are  most  readily 
separated  from  the  wood.  Only  the  inner  bark  being  employed^ 
the  outer  epidermis  should  be  removed. 

Leaves  begin  to  lose  their  activity  after  the  flowers  appear,  for 
the  juices  of  the  plant  then  go  toward  nourishing  the  latter ;  they 
should  therefore  be  collected  when  fully  developed,  before  they 
begin  to  wither.  Leaves  of  biennials  should  be  collected  during 
the  second  season. 

Herbs  are  generally  understood  to  mean  the  whole  plants 
although  the  root  is  frequently  rejected ;  they  should  be  gacherecl 
when  in  flower.  If  the  flowers  are  not  to  be  used  with  the  stem, 
the  latter  should  be  collected  before  the  flowers  appear,  but  after 
foliation. 

Flowers  are  preferably  gathered  before  they  are  perfectly  devel- 
oped (expanded),  since  odor  and  color  are  then  more  pronounced ; 
the  red  or  French  rose  offers  a  striking  example.  They  should  be 
collected  in  the  morning,  after  the  dew  has  disappeared,  and  be 
dried,  without  artificial  heat,  in  the  shade. 
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Fruits  should  be  gathered  before  they  are  quite  ripe ;  but  seeds^ 
the 'least  perishable  of  v^etable  productious,  must  be  perfectly  ripe^ 
and  require  very  little  drying. 

Crude  v^etable  drugs  are  rarely  deprived  of  all  their  inherent 
moisture  by  the  drug-gatherers,  and  invariably  reabsorb  moisture 
when  exposed  to  a  damp  atmosphere;  before  such  drugs  can  be 
mechanically  subdivided  tney  frequently  require  a  further  drying  by 
artificial  heat,  which  is  effected  by  spreading  the  material  loosely  on 
perforated  shelves  in  ventilated  apartments  heated  by  steam.  While 
drugs  containing  volatile  constituents,  such  as  buchu,  valerian, 
myrrh,  spices,  etc.,  demand  a  moderate  heat,  others  again  can  be 
strongly  neated  until  they  become  brittle,  as,  for  instance,  squill ;  a 
temperature  kept  at  or  below  45°  C.  (113°  F.)  will  not  prove  inju- 
rious in  any  case. 

The  amount  of  moisture  present  in  freshly  gathered  botanical 
drugs  varies  considerably,  ranging  from  15  or  20  })er  cent,  in  barks 
and  wood  to  as  much  as  80  per  cent,  or  more  in  some  roots  and 
leaves,  and  the  object  of  thorough  drying  is  partly  to  reduce  the 
bulk,  but  chiefly  to  preserve  the  drug  for  future  use ;  for  if  vege- 
table drugs  be  packed  away  in  a  moist  condition  they  soon  begin  to 
mould,  or  become  heated,  and  undergo  rapid  deterioration.  The 
following  table  by  Tschirch  shows  the  average  loss  in  weight  by 
drying,  of  a  number  of  well-known  drugs  : 

Name  of  Drug.  Loss.  Name  of  Drug. 

Altham,  75  per  cent.        Gljcyrrhiza, 

Arnica  flowers,  80  '*  Mezereum, 

Belladonna  leaves,  82  '*  Peppermint, 

Belladonna  root,  62  ''  Squill, 

Calamus,  75  "  Stramonium  leaves, 

Colchicum  root,  66  "  Taraxacum, 

Digitalis,  80  •'  Valerian, 

The  loss  in  weight  resulting  from  thorough  drying  of  drugs  is  in 
many  cases  more  than  comiiensated  for  by  the  increase  in  value  of 
the  dried  article,  as  in  opium  and  other  alkaloidal  or  resinous  dnigs. 
If  opium  containing  10  per  cent,  of  morphine  and  25  per  cent,  of 
moisture  be  dried  perfectly,  the  loss  in  weight  will  amount  to  one- 
fourth,  but  the  relative  proportion  of  active  principle  is  increased 
one-third ;  jalap  tubers  containing  8  per  cent,  of  resin  and  34  per 
cent,  of  moisture  will  lose  upon  drying  about  one-third  of  their 
weight,  but  the  proportion  of  resin  present  is  increased  50  per  cent. 
Dried  botanical  drugs  are  best  preserved  in  cool,  dry  rooms  in  con- 
tainers which  shall  exclude  sunlight,  but  permit  of  free  circulation 
of  air ;  odorous  drugs  should  always  be  Kept  separate  in  order  to 
avoid  contamination  of  others ;  for  instance,  a  bale  of  buchu,  vale- 
rian, or  sassafras  should  never  be  stored  by  the  side  of  senna  leaves, 
elm-bark,  or  flaxseed. 

As  crude  drugs  reach  the  pharmacist  they  are  frequently  not  in 
a  condition  to  be  offered  for  sale,  or  to  be  used  in  the  preparation 
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of  medicines,  on  account  of  impurities  present,  and  the  process  of 
garbling  is  a  very  necessary  operation.  The  object  of  garbling,  or 
picking,  is  to  remove,  besides  impurities  and  adulterations,  decayed 
and  deteriorated  portions  of  the  drug,  which  not  only  mar  the 
appearance  but  are  apt  to  contaminate  the  still  healthy  portion,  and 
soon  render  the  whole  worthless.  Senna  leaves  are  generally 
accompanied  by  a  considerable  proportion  of  stems,  broken  capsules, 
and  dust,  not  to  speak  of  the  fraudulent  admixtures  of  stones,  shells, 
etc.,  made  by  the  gatherer  or  exporter  for  the  purpose  of  increasing 
the  weight;  as  much  as  15  per  cent,  of  impurities  has  been  taken 
from  what  was  bought  as  prime  senna.  Juniper  berries  are  never 
free  from  unripe  and  decayed  fruit,  dirt,  and  worm-eaten  portions, 
which  should  be  carefully  removed.  Fibrous  roots,  as  spigelia, 
wild  ginger,  serpentaria,  and  the  like,  require  to  be  freed  from 
adhering  dirt  and  other  roots  that  grow  side  by  side  with  them,  and 
have  become  mixed  through  careless  gathering.  Although  some 
drugs  are  found  in  much  better  condition  than  others,  there  is  none 
which  may  not  be  improved  in  appearance,  even  if  it  be  only  to 
have  the  fine  dust  and  dirt  removed,  as  in  the  case  of  sassafras,  wild 
cherry,  crushed  oak-bark,  etc. ;  lycopodium,  fennel,  flaxseed,  and 
similar  drugs  should  be  well  shaken  in  a  suitable  sieve,  to  remove 
foreign  matter,  before  putting  them  away  in  containers :  and  the 
careful  pharmacist  will  find  that  this  little  extra  labor  is  readily 
appreciated  by  his  patrons,  who  are  apt  to  judge  a  man  largely  by 
the  appearance  of  his  wares.  Even  vegetable  powders,  such  a& 
i|)ecacuanha,  nutgall,  and  others  of  similar  character,  must  be 
passed  through  a  fine  sieve,  preferably  bolting-cloth,  to  remove 
coarse  particles  which  unfit  them  for  dispensing  purposes,  and  which 
have  in  some  instances  been  found  to  amount  to  as  much  as  25 
per  cent,  of  the  total  weight  of  the  powdered  drug. 
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CHAPTER  VI.       , 

MECHANICAL  SUBDIVISION  OF  DRUGS. 

BsFOliE  employing  vegetable  dnign  in  the  various  phai 
tical  preparations,  it  often  becomes  necessary  to  reduce  them  to  a 
state  of  commiQution,  or  of  powder,  more  or  less  coarse  or  fine  as 
the  nature  of  the  drug  and  the  desired  preparation  raay  demand. 
By  simple  contusion  is  generally  underaUxKl  a  rather  coarse  division, 
brought  alwiit  by  crushing  or  bruis- 
iug  in  suitable  apparatus  preparatory  F"*-  82. 

to  finer  reduction  ;  for  i^ruall  oi>eni- 
tions  an  iron  or  brass  morlar  of  bell 
or  urn  shape  is  employed,  which 
shonld  be  deep  and  with  a  broad 
inner  base,  as  snown  in  Fig.  82,  the 
pestle  being  of  such  length  and 
weight  as  will  enable  the  operator  to 
exercise  considerable  force  if  neces- 
sary. In  contusing  substances  only 
such  a  quantity  should  be  placed  in 
the  mortar  at  one  lirae  as  to  cover 
the  bottom  for  the  depth  of  an  inch 
or  two;  and  to  avoid  loss  or  un- 
pleasant results  from  the  escape  of 
dust  or  particles  of  drug,  a  cover, 
provided  with  a  hole  through  which 
the  pestle  passes,  should  be  used. 
In  place  of  thu  mortar  and  pestle  a 
cutting  knife  can  frequently  be  used 
with  advantage.  The  Champion 
knife  No.  2,  Fig.  83,  made  by  the 
Enterprise  Manufacturing  Co.,  of 
Philaaelphia,  is  well  adapte<l  for  the 

coarse  division  of  roots,  barks,  and        SectioMiTiewofmoruranflpeMie 
herbs,   as   it   combines    a    drawing 

motion  with  pressure  while  cutting  the  material.  When  operating 
on  targe  quantities,  steam  power  is  neeessaiy,  and  the  Ijest  apparatus 
for  the  purpose  is  that  known  as  Mead's  disintegrator  (see  Figs. 
84,  85,  and  86).  The  grinding  is  done  in  this  mill  by  hardened 
steel  beaters  securely  riveted  on  both  sides  of  a  steel  disk.  These 
beaters  revolve  on  the  feeding  side  of  the  mill  between  corrugated 
rings.  The  beaters  catch  the  material  as  it  enters  the  mill  ana  beat 
it  againet  the  corrugates  until  it  is  sufficiently  line  to  pass  between 
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the  disk  aud  the  face  of  the  ring ;  as  sood  as  it  passes  here  it  is  (» 

the  discharge  side  of  the  mill,  and  all  that  is  sufficiently  fine  is  imme- 

Fio.  83. 


diately  driven  out  by  the  beaters  on  the  buck 
of  the  disk.  What  is  not  sufficiently  line 
to  dischai^  is  caught  by  these  back  lieaters 
aud  l)eaten  agninst  the  screens  until  tine 
enough  to  pass  through.  The  screens  are 
made  of  square  steel,  and  present  a  grind- 
ing surface  to  the  beaters  and  a  dischat^- 
ing  surface  between  each  bar;  they  are  2 
inches  in  width  and  extend  around  three- 
fourths  of  the  diameter  of  the  mill,  thus 
giving  a  large  discharging  surface  without 
diminishing  the  grinding  surface.  The 
material  as  it  is  ground  falls  into  the  box 
or  room  below.  The  most  effective  work 
is  achieved  with  the  disintegrator  running 
at  high  speed,  SOOO  revobitions  per  minute ; 
under  such  conditions  600  pounds  of  wild- 
cherry  bark  can  be  finely  criislied  in  an 
hour. 

The  production  of  very  fine  powders  of 
drugs  has  long  since  passed  into  the  hands 


I,  ledloD  of  Bt««l  screeo: 
runted  rlPE! 
tb^>Mlen  u- 
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of  the  <lnig-miller,  and  even  the  coarser  powders  intended  for 
percolatioD  are  to-day  prepared  by  only  a  small  nimiber  of  phar- 
macists. For  the  latt«r  purpose  the  drug  mills  showa  in  Figs. 
87  and  88  will  be  found  very  desirable.  In  the  New  B  Swift 
mill  the  grinding  is  done  between  plates  placed  horizontally,  while 
in  the  Enterprise  mill  they  are  placed  vertically.  The  grinding  sur- 
faces of  both  mills  consist  of  circular  chilled-iron  castings  studded 
with  concentric  rows  of  sharp  t«eth,  those  of  one  plat«  fitting 
between  those  of  the  other.  The  teeth  decrease  in  size  toward  the 
centre,  and  the  fineness  of  the  powder  is  regulated  by  a  pair  of 
screws,  by  means  of  which  the  ptat«s  are  made  to  approximate  each 
other.    One  of  tlie  plates  is  stationary  while  the  other  revolves. 

Fra.  87. 


The  mill  rciilT  for  use.  The  mill  open. 

New  BSwift  mill. 

Separate  sets  of  plates  for  coarse  and  for  very  fine  grinding  can  Iw 
had  for  the  mills.  Care  should  be  taken  to  clean  the  mill  thor- 
oughly after  each  operation,  else  the  remaining  dust  will  surely  con- 
taminate the  drug  next  ground.  The  simple.it  method  of  cleaning  is 
to  nin  sawdust  through  the  mill  repeatedly;  then  loosen  the  screws 
and  remove  the  grinding  plates,  so  as  to  wash  these  with  hot  water, 
if  necessary,  and  dry  quickly.  A  great  mistake  often  made  by  the 
inexperienced  is  the  attempt  to  produce  fine  powders  at  once  by 
screwing  the  plates  close  together,  instead  of  grinding  the  drug 
coarsely  at  first  and  gradually  tightening  the  mill  ;■  the  first  plan  is 
apt  to  cause  the  material  to  become  heated  and  cake,  while  the  sec- 
ond plan  will  achieve  the  desired  end  more  perfectly,  with  far  less 
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expenditure  uf  manual  lalwr  and  wear  of  aiacliiDerv.     Fig.  89  rep- 
resents the  well-known  Hance  drug  mill,  having  conical  grindiog; 


Enteniriie  drus  mill  (dCMed). 


Enterprise  drag  mill  (open). 


plates,  which  possess  the  advantage  over  the   usual  styles  of  not 
allowing  any  material  to  pass  through  the  mill  unground  (this  some- 
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times  happens  with  vertical  plates),  and  of  not  holding  any  of  the 
ground  material  too  long,  whereby  clinging  may  sometimes  he  caused 
with  the  horizontal  plates.  The  mill  is  pnivided  with  an  iron  support, 
or  may  be  had  without  it,  to  be  mounted  on  a  heavy  block  or  box^ 


Bucc't  drag  mill. 

For  grinding  small  quantities  at  the  dispensing  counter  the  No.  450 
Enterprise  mill  (Fig.  90)  is  admirably  adapted  ;  it  is  constructed  on  the 
same  principle  as  Mie  lai^r  Enterprise  mill  shown  in  Fig.  88.  All 
the  before-mentioned  hand-millscau  be  opened  horizontally,  as  shown 
in  the  illustrations,  by  means  of  a  thumb-screw  and  hinge;  thus  the 
interior  may  be  readily  exposed  to  view  for  examination  or  cleaning. 
The  material  is  supplied  throngh  a  capacious  hopper,  with  its  base 
specially  arranged  for  crushing  the  drug  into  coarse  jiarticlcs.     Tii& 
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rapidity  with  which  the  material  should  be  fed  to  the  mill  depends 
entirely  upon  the  character  of  the  drug,  as  some  drugs  will  soften 
under  the  influence  of  heat  and  pressure,  while  others  are  not  affected 
at  all.  Substances  like  vanilla,  which  cannot  be  heated  before 
powdering,  on  account  of  the  rapid  loss  of  the  aromatic  principle, 
must  be  reduced  in  the  soft  condition ;  and,  altbougii  the  old  metood 


Cutler  for  y«nill«. 


of  grinding   with   sugar  or  clean 
sand  is  still  lately  in  use,  it  isde- 
cidedly  inferior  to  the  process  of 
cutting.     Grinding  or   powdering 
vanilla    has   a   tendency   to   press 
out  the  soft  pulp,  which  soon  re- 
tards the  reduction  of  the  tough 
fibre  and  requires  the  expenditure 
of  much  time  and  lalmr.    If  vanilla 
be  reduced  to  the  requisite  degree 
of  fineness  for  percolation  by  means 
*  of  a  rapid-acting  cutter,  it  retains  practically  its  original  condition, 
□0  pulp  being  e:(pressed,  and  a  powder  is  obtained  far  superior  to 
thatbygrinding  with  sand  or  sugar.     Fig.  91  represents  the  American 
mince-meat  chopper,  an  apjmratus  admirably  adapted  to  the  cutting 
of  vanilla,  and  first  suggested  for  this  purpose,  many  years  ago,  by  the 
late  N,  H.  Jennings,  of  Baltimore.    The  large  knife-blade  with  which 
the  cutting  is  effected  must  be  kept  well  sbur[)ened.    As  the  cylinder 
revolves  with  each  turn  of  the  lever,  fresh  imrticles  of  the  material 
are  continually  presented  to  the  knife,  and  disintegration  is  rapidly 
achieved,  while   the   aroma   and    virtue  of  the   vanilla   are   kept 
intact. 

The  grinding  of  drugs  on  a  lai^  scale,  and  particularly  into  very 
fine  powder,  is  accomplished  either  in  bubr-.stone  mills,  iron  mills, 
such  a.%  the  Boganlus  eccentric  mill,  or  stone  "  chaser  "  mills.  In  the 
first-named  mill  grinding  is  effected  between  two  lai^  stone  disks 
placed  horizontally  and  providetl  with  numerous  furrows  to  facili- 
tate the  passage  of  the  ground  drug  from  the  centre  to  the  circum- 
ference ;  one  of  the  disks  is  stationary — in  some  mills  the  upper,  and 
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in  others  the  lower — while  the  other  revolves,  the  material  being  fed 
through  an  opening  in  the  centre  of  the  upper  stone.  By  suitable 
approximation  of  the  sttinc  ditiks  powders  of  various  degrees  of 
fineness  can  be  produced. 

Substances  liable  to  become  heated  and  to  cake  when  ground  in 
ordinary  milb,  such  w  vegetable  extracts,  pepsin,  etc.,  can  he  re<Iuced 
to  an  impalpable  powder  in  the  so-«allea  pebble  mills  now  in  use 
by  all  the  leading  manufacturers  of  pharmaceutical  preimrations. 
These  mills  do  not  crush  or  cut  the  material,  but  grind  principally 
by  friction,  the  effect  being  produced  by  the  sliding,  tumbling,  aud 
rolling  inside  of  a  stone  cylinder,  encased  in  iron,  of  a  large  number 
of  flint  pebbles,  of  about  the  size  of  duck  eggs,  mixed  with  the 
substance  to  be  ground  ;  the  movement  is  caused  by  revolving  the 
cylinder  at  a  regulated  but  slow  rate  of  speed — from  25  to  45 
revolutions  per  minute. 

The  portahle  Bugardus  eccentric  mill  (Fig.  92)  is  a  great  favorite 
with  drug-millers,  as  it  can  be  driven  at  a  high  rate  of  speed  without 
becoming  heated,  and  discharges  the 
eround    material    promptly    without  Fio.  92. 

Hanger  of  choking.  Both  grinding 
plates  revolve  iu  the  same  direction, 
on  centres  which  are  about  one  or 
two  inches  apart  from  each  other, 
hence  the  name  eccevlric ;  this  ar- 
rangement causes  the  material  be- 
tween the  plates  to  be  moved  about 
in  every  conceivable  manner,  to  be 
acted  upon  by  the  plates  at  every 
point,  and  subjected  to  a  peculiar 
twisting,  cutting,and  grinding  motion, 
whereby  it  is  rapidly  disintegrated, 
with  large  results  in  quantity  ground 
and  the  expenditure  of  but  little 
power.  In  mills  with  single  revolv- 
ing plate  (the  other  being  stationary), 
one  plate  continually  describes  the 
same  circle  on  the  other,  so  that  mate- 
rial ground  in  these  mills  is  subject  to 

motion  in  one  direction  only,  hence  Bogamus  eccentric  min. 

greater   power  and   more    time    are 

necessary  to  accomplish  the  desired  result  than  if  the  material  were 
acted  upon  in  various  directions  and  by  different  motions.  The  rate 
of  feedmg  the  mill  is  contn>lle<l  by  an  adjustable  slide  attached  to 
the  hopper,  and  the  degree  of  fineness  of  the  powder  is  regulated 
by  means  of  a  screw  and  lever  controlled  by  a  weight. 

The  so-called  chaser  mill  is  preferred  when  large  quantities  of 
material,  such  as  cinnamon,  ginger,  pepper,  mu,stard-f4ed,  and  the 
like,  are  to  he  reduced  to  impalpable  powder.     Fig.  93  shows  a  see- 


MO 
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tioiial  vieM'  of  a  large  chaser  mill  m  use  at  the  ilrug  iijills  of  Messra. 
Gilpin,  LaiigdoQ  &  Co.,  of  Baltituore.  It  consists  of  two  large  sloae 
disks,  or  granite  wheels,  connected  by  a  short  metallic  axle  witb  a 
revolving  shaft,  which  compels  them  to  travel  in  fixed  lines  on  a 
base  of  granite.  The  name  chaser  mill  is  derived  from  the  motion  nf 
the  disks — called  chasers — which  appear  to  chase  each  other  in  tbcll 
travels  over  the  stone  base.  The  grinding  of  any  material  supplied 
to  the  mill  is  effected  between  the  granite  base  and  the  outer  edgeof 
the  chasers ;  by  means  of  iron  scrapers  appropriately  fastened  to  the 
revolving  shaft  the  material  is  continually  brought  under  the  grind- 
ing edges  again.  As  seen  in  the  illustration,  the  base  is  surrounded 
by  a  curb,  to  prevent  the  coarsely  ground  particles  from  mixing  with 


the  finer  powder,  which,  by  means  of  the  draught  created  by  the 
rapid  revolution  of  the  chasers,  is  carried  upward  and  over  the  ades 
of  the  curb.  The  whole  mill  is  enclosed  in  a  dust-proof  compart- 
ment, which  is  frequently  provided  with  a  series  of  shelves  for  the 
purpose  of  allowing  the  fine  particles  of  powder  to  be  deposited  for 
subsequent  convenient  collection.  The  feeding  of  the  miU  is  accom- 
plished through  the  top  of  the  box,  by  means  of  a  long  funnel  deliv- 
ering the  material  directly  upon  the  stone  base. 

Sifting. — In  order  to  produce  powder  of  uniform  fineness,  the 
ground  substance  should  be  subjected  to  the  separating  action  of 
some  perforated  medium,  whereby  division  into  coarser  and  finer 
particles  is  readily  effected.     The   construction  of  ordinary  sieves 
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13  too  well  knowD  to  require  special  (le9cri|)tion.  The  perforated 
material  or  netting  used  may  be  made  of  iron,  brass  or  tinned  wire, 
hair-eloth  for  substances  affected  by  metal,  and  silkcD  cloth  for  very 
fine  or  dusted  powders.  Different  degrees  of  fineness  of  powder 
are  designated  by  numbers  which  indicate  the  number  of  meshes  to 
the  linear  inch  in  the  material  of  which  the  sieve  is  made,  and  since 
the  diameter  or  gauge  number  of  the  wire  used  for  making  the  sieve- 
cloth  has  an  importaQt  bearing  upon  the  size  of  the  mesh,  it  should 
also  be  specified.  The  U.  9.  Pharmacopceia  recognizes  vti-yjine  or 
No.  80  powder  as  one  passing  through  a  sieve  made  of  No.  38  gauge 
wire  and  having  80  meshes  to  the  linear  inch ;  fine  or  No.  60  powder 
should  pass  through  a  sieve  made  of  No.  36  gauge  wire  and  naving 
60  mesnes  to  the  linear  inch ;  vwderately  fine  or  No.  50  powder 
should  pass  through  a  sieve  made  of  No.  35  gauge  wire  and  naving 
60  meshes  to  the  linear  inch  ;  vwderately  coarse  or  No.  40  powder 
should  pass  through  a  sieve  made  of  No.  33  gauge  wire  and  naving 
40  meshes  to  the  linear  inch;  coarse  or  No.  20  powder  should  pass 
through  a  sieve  made  of 

No.   28   gauge   wire  and  Fio.  94. 

having  20  meshes  to  the 
linear  inch.  While  it  is 
impossible  to  grind  drugs 
entirely  of  the  degree  of 
fineness  required  for  many 
purposes,  tlie  aim  should 
be  to  keep  the  finer  portion 
down  to  a  low  percentage 
by  frequent  silting ;  not 
more  than  \  of  the  powder 
should  pass  through  a  sieve 
having  10  more  meshes  to 

the  linear  inch.     It  should  H^ni^  ■iftinc  muhine. 

also  be  borne  in  mind  that 

some  parts  of  the  drug  can  be  ground  more  readily  than  others ;  it  is 
therefore  necessary  to  mix  the  powder  thoroughly  after  the  grinding 
and  sifting  have  been  completed.  The  proper  handling  of  a  sieve 
cannot  be  definitely  described,  it  must  be  taught  practically ;  this 
much,  however,  can  be  said — that  no  effort  should  be  made  to  force 
the  material  through  the  raeslies  of  the  sieve  by  persistent  pressure 
of  the  hand,  which  will  cause  the  meshes  lo  open  farther  and 
allow  coarser  particles  to  pass  through.  In  Fig.  94  is  shown  the 
well-known  Tuirris  sifting  machine,  which  at  one  time  was  exten- 
sively used  by  pharmacists;  its  constrnction  is  very  simple  and 
readily  understood.  Of  late  years,  sifters  and  mixers  combined 
in  one  piece  of  apparatus  have  been  preferred ;  such  a  com- 
bination, admirably  adapted  to  the  wants  nf  the  pharmacist  who 
manufactures  on  a  small  scale,  is  shown  in  Fig.  95.  Its  capacity  is 
60  pounds,  and  the  mixer  is  provided  with  a  galvanized  double 
spiral  ^itator  so  arranged  that  when  the  sifted  [wwders  come  in 
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contact  with  it  the  iDSide  spiral  carricH  the  material  one  way,  while 
the  outside  spiral  carries  it  the  other ;  thus  a  most  thorough  mixt- 
ure is  effected  in  a  short  time.  After  the  powders  have  heen 
mixed,  the  contents  may  be  withdrawn  by  means  of  a  slide  in  the 
bottom  of  the  circular  mixer.  Smaller  and  larger  sizes  of  the 
"  Lightning "  sifter  and  mixer  arc  manufactured,  and  can  be  sup- 
plied with  sie^'es  of  different  degrees  of  fineness.  Fig.  96  repre- 
sents Jones'  mixer  and  sifter,  in  which  the  mixing  is  effected  on  a 
different  principle,  by  means  of  paddles  and  brushes;  its  capacity 
is  10  pounds.  These  combined  sifters  and  mixers  are  well  adapte<l 
for  the  manufacture  of  Seidlitz  mixture,  tooth-powder,  compound 
licorice  powder,  etc.,  without  the  annoyance  of  dirt  and  dust. 

Powdered  drugs  are  frequently  offered  at  prices  lower  than  those 
Via.  95.  Fio.  96. 


asked  for  a  good  quality  of  tlie 
crude  drug ;  yet  it  is  well  knowD 
that  the  cost  is  enhanced  by  loss 
in  drying  and  powdering,  ex- 
pense of  grinding  (from  3  to  10 
cents  per  pound),  and  other  in- 
cidentals. There  can  be  but  one 
explanation  for  this  anomaly : 
either  an  inferior  quality  of  drug  has  been  ground,  or  admixtures 
ha%-e  been  made  to  increase  the  yield  of  the  powder.  According  to 
Squibb,  the  average  loss  by  powdering  (and  subsequent  drying)  of 
the  following  drugs  has  been  found  to  be  f- 

Acacift,  0.8    per  « 

Aloe*  (Socotrine),      17,31        " 

BiieJiu,  2.00 

Cantharides,  2.0S        " 

Cardamom,  6.02        " 

Catechu,  l.oa        " 

Cinchona  (red),  1  58 

Cindiona  (yellow),      2.67         " 

Cinnamtm  (cassia),      2.61         " 

Cubeb,  2.40 

Eritot.  3.62         '' 

(ientian.  10.23 


)  be  for 

Ginfter  (peeled). 

9.T0  i«r  cent. 

Ipecac, 

1.91 

ifyX 

9.68         " 

5,80         " 

OpiuiD, 

19.61 

Podophyllum, 

0.75         " 

Khubarb. 

1.74 

SnntapanllR, 

0.70 

Scammony, 

2.70 

Squill, 

13.60         " 

-iWacanth, 

8.93         •» 

Vaitrian, 

1.48 
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Owing  to  the  Urgely  increased  surface  exposed  to  light  and  air  in 
the  case  of  powdered  drugs,  they  are,  as  a  rule,  more  liable  to 
deterioration  than  crude  drugs,  and  should  therefore  be  more  care- 
fully protect^  againgt  moisture. 

Among  other  methods  for  the  mechanical  subdivision  of  drugs 
may  be  mentioned  trituratimi,  which  consists  in  reduction  of  a  suit- 
stance  to  very  fine  powder  by  continued  attrition  of  the  particles 
between  the  hard  surface  of  a  pestle  and  the  sides  and  bottom  of  a 
mortar.  Trituration  is  usually  applied  to  saline  and  similar  chemical 
substances,  and  the  mortars  best  adapted  to  the  process  are  those 
made  of  Wedgewood  ware,  of  the  shape  shown  in  i  ig.  97.    A  rotary 
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motion  of  the  pestle  accompanied  by  pressure  h  productive  of  the 
best  results  in  trituration,  the  circles  described  being  gradually 
enlai^ed  from  the  centre  outward  and  back  again  to  the  centre.  A 
thin  layer  of  the  material  should  l)e  kept  between  the  pestle  and 
the  sides  of  the  mortar.  When  the  powder  begins  to  cate  and  fall 
toward  the  centre  of  the  mortar  a  spatula  should  be  run  around 
the  sides  so  as  to  loosen  up  and  mix  the  different  portions.  The 
term  trituration  is  also  sometimes  employed  to  designate  the 
thorough  mixture  of  vegetable  or  other  powders  by  rubbing  thein 
well  together  in  a  mortar;  in  such  cases  little  if  any  pressure  is 
employed,  and  thorough  blending  of  the  mixture  is  facilitated  by 
frequently  scraping  the  powder  from  both  pestle  and  mortar  with  a 
spatula. 

The  reduction  of  substances  to  fine  powder  by  triturating  them 
in  the  presence  of  a  liquid  having  no  solvent  effect  upon  them  is 
termed  levigation.  The  process  is  usually  conducted  in  broad, 
shallow  mortars.  Formerly,  when  a  stone  slab  and  mnller  were 
employed,  this  method  was  also  known  as  porphyrization,  from  por- 
phyry, a  very  hard  stone,  the  material  of  which  the  slab  was  made. 
Water,  alcohol,  or  oil  may  be  used  as  a  suitable  medium  for  leviga- 
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tion,  the  pi*oce8S  consisting  of  the  formation  of  a  paste  of  the  sub- 
stance to  be  powdered  and  the  liquid^  this  paste  being  then  tritu- 
rated or  ground  until  perfectly  smooth.  Red  mercuric  oxide  may 
thus  be  reduced  to  an  impalpable  powder  by  trituration  with  alcohol ; 
and  white  paints,  such  as  zinc  oxide  and  lead  carbonate,  are  ground 
smooth  with  oil  in  special  paint  mills. 

Elviriation  is  a  process  intended  for  obtaining  certain  inorganic 
substances  in  a  finely  pulverulent  condition^  by  diffusing  them  in 
water  after  they  have  been  ground  or  crushed ;  the  coarser  particles 
then  rapidly  subside,  owing  to  their  higher  specific  gravity,  while 
the  water  holding  the  fine  powder  in  suspension  is  decanted  and 
allowed  to  settle  in  another  vessel,  the  decantation  being  repeated  a 
second  time  if  necessary.  To  facilitate  drying  of  the  elutriati.»d 
powder,  the  ma^ma  or  soft  mass  is  drained  as  completely  as  possible, 
and  then  formed  into  small  conical  nwlules,  which  are  conveniently 
dried  on  warm  porous  tiles.  The  well-known  soft  prepared  chalk, 
French  bismuth  subnitrate,  and  numerous  lake  colors,  are  obtained 
as  fine  powders  by  elutriation. 

Other  methods  for  the  mechanical  subdivision  of  drugs  are  pre-- 
cipitation,  rediictiony  and  granulation. 

By  precipitation,  is  understood  the  sudden  destruction  of  the  solu- 
ble form  of  a  substance  which  is  held  in  solution ;  this  may  be 
effected  by  the  addition  of  another  substance  to  the  solution,  or  by 
{K)me  external  agency.  The  substance  thus  thrown  out  of  solution  is 
termed  the  predpUaie,  and  the  substance  or  force  causing  the  separa- 
tion— the  precipitant.  Precipitation  is  employed  in  pharmacy  as  a 
method  oi  pulverization  and  purification,  and  as  a  convenient  means 
for  obtaining  many  insoluble  substances. 

The  first  of  these  comes  under  the  head  of  what  may  be  termed 
simple  or  physical  precipitation,  usually  brought  about  by  the  addi- 
tion to  the  solution  of  some  substance  in  which  the  dissolved  body 
is  insoluble ;  as  in  the  precipitation  of  ferrous  sulphate  or  of  tartar 
emetic  from  aqueous  solution  by  means  of  alcohol.  Other  examples 
of  physical  precipitation  are  the  separation  of  iodine  or  camphor 
from  alcoholic  solution  by  the  addition  of  water,  the  precipitation  of 
solution  of  acacia  by  alcohol,  the  precipitation  of  lime-water  by 
boiling,  and  the  preparation  of  the  oificial  resin  of  jalap. 

The  process  of  precipitation  when  intended  as  a  means  of  purifica- 
tion or  of  the  preparation  of  insoluble  compounds  almost  invariably 
involves  chemical  action,  as  in  the  purification  of  metals  by  electrol- 
ysis, the  manufacture  of  mercuric  iodide,  etc.;  in  the  former  case 
simple  decomposition  of  a  salt  is  effected,  while  in  the  latter  case 
mutual  decomposition  between  two  salts  is  as  a  rule  necessary. 

Some  insoluble  compounds  are  precipitated  by  simple  decomposi- 
tion of  a  substance  by  means  of  water,  as  bismuth  subnitrate,  yellow 
mercuric  subsulphate,  etc.;  in  the  former  case  an  acid  sohition  is 
freely  diluted  with  water,  in  the  latter  case  white  mercuric  sulphate 
is  thrown  into  boiling  water. 
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Mercuric  oxide  can  be  obtained  in  a  much  finer  state  of  division 
by  precipitation  than  by  any  other  method,  but  it  must  be  brought 
about  by  chemical  actiou.  If  a  solution  of  mercuric  chloride  be 
poured  into  a  solution  of  sodium  or  potassium  hydroxide  two  new 
compounds,  yellow  mercuric  oxide  and  sodium  chloride,  are  formed, 
the  latter  remaining  in  solution,  while  the  former  separates  as  an 
impalpable  powder,  being  insoluble  in  all  neutral  liquids.  Lead 
iodide,  magnesium  carbonate,  ammoniated  mercury,  and  precipitated 
chalk  are  familiar  examples  of  compounds  prepared  by  chemical 
precipitation. 

The  character  of  the  precipitate  depends  largely  upon  the  condi- 
tions under  which  its  formation  is  effected ;  thus,  concentrated  solu- 
tions are  apt  to  yield  dense  precipitates,  particularly  if  heat  be 
employed,  whereas  cold  dilute  solutions,  as  a  rule,  produce  light 
bulky  precipitates.  In  the  preparation  of  new  chemical  compounds 
by  precipitation  it  is  important  that  the  proportion  in  which  the 
precipitant  is  to  be  employed  should  be  determined  by  calculation, 
as  a  aeficiency  or  an  excess  may  result  in  loss  from  imperfect  pre- 
cipitation or  re-solution  of  the  precipitate.  Mutual  decomposition 
between  two  salts  always  takes  place  in  definite  molecular  propor- 
tions, and  the  necessary  quantities  may  be  readily  ascertained  by 
writing  out  an  equation  showing  the  decomposition ;  thus  the  forma- 
tion of  yellow  mercuric  oxide  is  demonstrated  by  the  equation 
HgCl,  +  2NaOH  =  HgO  +  2NaCl  +  HA  which  shows  that  1 
molecule  or  268.86  parts  of  mercuric  chloride  requires  2  molecules 
or  79.52  parts  of  sodium  hydroxide  for  complete  precipitation.  In 
this  case  an  excess  of  sodium  hydroxide  is  not  hurtful,  but  a 
deficiency  would  result  in  the  production  of  mercuric  oxychloride 
of  brownish  color  instead  of  a  pure  yellow  oxide.  The  equation 
HgClj  +  2KI  =  Hgl,  +  2KC1  shows  that  in  the  formation  of  red 
mercuric  iodide  2  molecules  or  329.52  parts  of  potassium  iodide  are 
necessary  for  the  complete  precipitation  of  1  molecule  or  268.86 
parts  of  mercuric  chloride ;  these  proportions  must  be  strictly  ob- 
served, otherwise  a  loss  will  result,  as  red  mercuric  iodide  is  soluble 
in  both  potassium  iodide  and  mercuric  chloride  solutions.  When 
precipitation  by  mutual  decomposition  between  two  salts  is  proposed, 
the  salts  are  mixed  in  the  form  of  separate  solutions,  and  perfect 
blending  is  accomplished  by  stirring  the  mixture. 

The  most  convenient  style  of  vessel  for  precipitation  is  a  glass  or 
stoneware  jar  considerably  broader  at  the  base  than  at  the  top,  and 
provided  with  a  lip ;  this  greatly  facilitates  the  subsidence  of  the  pre- 
cipitate, and  the  subsequent  removal  of  the  clear  liquid  remaining 
above  the  precipitant,  known  as  supernatant  liquid. 

The  purification  of  precipitates  is  effected  by  a  process  of  washing, 
which  consists  either  in  mixing  them  repeateclly  with  fresh  portions 
of  water  in  a  suitable  jar,  and  decanting  the  supernatant  liquid  after 
it  has  become  perfectly  clear,  or  in  continued  affusions  of  water  on 
the  precipitate  contained  in  a  cloth  strainer  or  paper  filter ;  each 
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portion  of  water  should  be  well  mixed  with  the  precipitate  and  the 
washing  continued  until  the  complete  removal  of  the  soluble  by- 
product has  been  ascertained  by  appropriate  tests.  When  a  precipi- 
tate tenaciously  retains  liquid,  forming  a  thin  paste,  the  mixture  is 
termed  a  magmas  and  forcible  expression  must  frequently  be  resorted 
to  in  order  to  remove  the  liquid,  as  in  the  case  of  w&shing  ferric 
hydroxide,  freshly  precipitated  calcium  phosphate,  etc. 

The  official  reduced  iron  is  an  instance  of  a  metal  obtained  in  a 
finely  divided  state  by  reduction  ;  ferric  oxide  being  heated  to  redness 
in  an  atmosphere  of  hydro&:en,  in  suitable  tubes,  and  allowed  to  cool 
without  contact  of  air.  This  method  of  producing  metallic  iron  in 
fine  powder  yields  better  results  than  any  other  known. 

Granvlaiion  is  a  process  by  which  certain  substances  soluble  in 
water  are  obtained  in  the  form  of  coarse  powder  by  simple  evapora- 
tion of  their  solution,  with  constant  stirring,  until  all  moisture  is 
dissipated.  It  is  employed  either  for  deliquescent  and  difficultly 
crystallizable  substances,  as  potassium  citrate  and  carbonate,  or  in 
cases  where  the  solution,  if  allowed  to  evaporate  very  slowly,  would 
yield  larger  crystalline  masses,  as  ammonium  chloride,  lead  acetate^ 
etc.  Granulated  powders,  as  the  name  indicates,  never  represent  a 
fine  state  of  division,  but  offer  a  very  convenient  form  for  dispensing 
and  manufacturing  purposes.  Zinc  and  tin  may  be  readily  granu- 
lated in  the  metallic  state  by  heating  them  to  a  temperature  a  little 
below  their  melting-point,  when  they  become  very  brittle,  and  can 
then  be  rubbed  into  coarse  powder  in  a  mortar. 

Some  substances  obstinately  resist  pulverization  by  any  of  the 
methods  mentioned,  and  require  a  different  treatment ;  for  instance, 
camphor  cannot  be   reduced  to  a  fine  powder  without  being  first 
brought  to  a  state  of  partial  or  perfect  solution  by  means  of  alcohol ; 
a  smooth  paste  being  first  formed  of  camphor  and  alcohol  in  a 
mortar ;  which  is  then  triturated  until  perfectly  dry  and  in  the  form 
of  an  impalpable   |K)wder ;   excessive  pressure  should  be  avoided 
during  the  trituration.    Powdered  camphor  thus  prepared  is  prone  to 
return  gradually  to  a  crystalline  condition  no  matter  how  carefully 
it  is  preserved,  but  this  can  be  prevented  by  precipitating  the  cam- 
phor in  the  presence  of  some  powder  with  which  it  will  become 
intimately  mixed.     Such  a  process  was  first  published  in  Parrish's 
Treatise  on  Pharmacy ^  and  is  as  follows :  4  ounces  of  camphor  dis- 
solved in  8  fluidounces  of  alcohol  are  poured  slowly,  with  constant 
stirring,  into  a  smooth  mixture  of  1 6  grains  of  calcined  magnesia 
and  2  pints  of  water;  the  precfpitated  camphor,  enveloping  the 
magnesia,  soon  rises  to  the  surface,  and  is  recovered '  by  pouring  the 
whole  mixture  on  a  paper  filter,  where  it  is  allowed  to  drain.     To 
r  j  facilitate  drying  of  the  mass,  it  is  cut  with  a  spatula  into  small  par- 

ticles, and  is  finally  preserved  in  bottles.     Although    retaining  a 
ill  very  small   amount  of  moisture,  this  precipitated  camphor  keeps 

excellently,  and  may  be  used  for  all  purposes  requiring  camphor, 
except  cases  of   solution.     Iodoform  and   boric  acid  can  also    l)e 
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quickly  reduced  to  an  impalpable  powder  by  trituration  with 
■alcohol;  whereby  partial  solution  is  efifected,  and  a  dry  powder  is 
obtained  upon  evaporation  of  the  alcohol.  Friable  substances^ 
which  are  not  held  together  by  strong  cohesive  force,  but  the  parti- 
•cles  of  which  are  likely  to  cake  when  submitted  to  pressure,  may  be 
powdered  by  simple  friction  over  a  perforated  surface ;  no  better 
method  is  known  for  obtaining  magnesium  carbonate  in  an  impal- 
pable condition  than  by  rubbing  the  cakes  over  the  surface  of  an 
inverted  bolting-cloth  sieve. 
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CHAPTER    VII. 

SOLUTION. 

• 

When  a  solid  body  is  brought  into  contact  with  a  liquid  in  sucti 
an  intimate  manner  that  it  loses  its  original  form  and  assumes  that 
of  the  liauid,  producing  a  clear  and  uniform  fluid^  the  process  is 
termed  solution^  as  is  also  the  newly  formed  homogeneous  liquid. 
The  process  of  solution,  however,  is  by  no  means  restricted  to  the 
liquefaction  of  solids  by  fluids,  as  gaseous  and  liquid  substances 
can  also  be  brought  to  the  condition  of  perfect  molecular  blending 
characteristic  of  solution ;  examples :  glycerin  and   water,  alcohol 
and  water,  castor  oil  and  alcohol^  olive  oil  and  chloroform  or  ether, 
balsam  of  Peru  and  alcohol,  chlorine  gas  and  water,  ammonia  gas 
and  alcohol  or  water.     Some  solid  substances  when  brought  into 
intimate  contact  by  trituration  with  certain  other  solids  also  pro- 
duce clear^  uniform  liquids,  and  such  interaction  is  termed  solution^ 
as  in  case  of  camphor  and  hydrated  chloral,  camphor  and  salol,  or 
camphor  and  thymol.     The  fluid  used  to  produce  solution  is  called 
a  solvent  or  menstruum,  the  latter  name  being  derived  from  the 
Latin  mendruus,  meaning  monthly  (from  mensis,  a  month),  and  was 
applied    because  of   some    influence    which    the    changes  of  the 
moon,  and  consequently  the  time  of  the  month,  was  supposed  to 
exert  upon  the  preparation  of   solvents.      The    view   at    present 
held  by  scientists  regarding  the  electro-chemical  decomposition  of 
bodies  in  a  state  of  solution  need  not  be  considered  here ;  by  some 
the  process  of  solution  is  looked   upon  as  one  of  great  force  and 
activity,  and  this  view   may  in  the  course  of  time  clear  up  many 
hitherto  unexplained  phenomena. 

Two  kinds  of  solution  are  recognized,  namely ydrnple-sjidj^ornplesr 
solution  ;  in  the  former  the  solvent  produces  no  change  in  the  sensi- 
ble characteristics  of  the  dissolved  body,  simply  altering  its  physical 
condition,  while  in  the   latter,  where  solution  takes  place  as   the 
result  of  chemical  action,  the  properties  of  both  the  solvent  and  the 
dissolved  body  become  modified  by  the  loss  of  old  or  the  acquisition 
of  new  properties.     In  the  case  of  a  simple  solution,  the   taste^ 
odor,  color,  and  chemical  properties  of  the  dissolved  body  remain 
intact  and  are  imparted  to  the  solution ;  as,  for  instance,  solutions 
of  sugar,  table-salt,  or  potassium  permanganate  in  water.    In  simple 
solutions  the  dissolved  body  can  be  recovered  in  its  original  condition 
by  evaporation  of  the  solvent.     Complex  solutions  should   not  be 
confounded  with  compound  solutions;  the  latter  term  indicates  a 
mixture  of  solutions  which  may  all  be  simple  in  character^  while 
lis 
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complex  solutions  are  understood  to  be  the  result  of  chemical  action^ 
and  are  accompanied  by  one  or  more  of  the  following  phenomena  : 
heat,  effervescence,  change  of  color,  odor,  and  taste;  as,  for  example, 
the  solution  of  a  Seidlitz  powder  or  the  solution  of  red  mercuric 
oxide  in  nitric  acid.  The  products  obtained  by  evaporation  of  a 
complex  solution  will  be  found  to  have  properties  not  possessed 
originally  by  the  solvent  or  the  dissolved  body. 

The  greater  the  extent  of  surface  exposed  by  the  solid  body  to 
the  liquefying  action  of  the  solvent,  the  more  rapidly  will  solution 
be  effected ;  hence  mechanical  division  facilitates  solution,  TJecause 
the  latter  process  is  in  direct  opposition  to  cohesion.    A  simple  solu- 
tion of  solid  substances  may  be  considered  as  a  fluid  produced  by 
the  intimate  union  of  the  solvent  and  the  dissolved  body  in  a  state 
of  minute  division,  the  union  and  division  being  so  complete  that 
the  forces  of  cohesion  and  gravity  are  suspended,  otherwise  a  mixt- 
ure only  is  produced,  and  the  solid  substance  will  aeain  separate. 
The  agitation  of  a  mixture  of  a  solid  substance  and  solvent  also 
causes  more  rapid  solution,  by  constantly  bringing  fresh  portions  of 
the  fluid  into  contact  with  the  solid ;  if  equal  weights  of  acacia  or 
sugar,  in  lumps  or  in  fine  powder,  be  placed  in  separate  vessela 
with  a  sufficient  quantity  of  water,  the  one  being  actively  stirred 
while  the  other  is  allowed  to  remain  at  rest,  solution  will  be  com- 
pleted in  the  former  vessel  long  before  it  occurs  in  the  latter ;  this 
is  due  to  the  fact  that  in  the  second  vessel  a  dense  solution  will 
fonn  immediately  around  the  solid  particles,  and  thus  prevent  the 
remainder  of  the  fluid  from  exerting  its  solvent  action. 

The  simplest  way  of  effecting  solution  of  solids  is  to  bring  them 
in  the  form  of  powder.into  contact  with  the  solvent  in  such  a  way 
t^iTfrequent  agitation  of  the  mixture  is  possible ;  for  saline  and 
similar  substances  a  porcelain  or  Wedgewood  mortar,  which  admits 
of  active  trituration,  is  best  adapted.  Considerable  saving  of  time 
may  be  effected  in  the  solution  of  larger  quantities  of  solids,  if  the 
powdered  substance  be  repeatedly  triturated  with  fresh  portions  of 
the  solvent,  each  portion  of  solution  being  poured  off  when  saturated. 
Small  quantities  of  readily  soluble  substances,  such  as  potassium 
iodide  and  bromide,  silver  nitrate,  zinc  sulphate,  and  the  like,  may 
be  placed  directly  in  a  bottle  with  the  solvent,  and  the  mixture  agi- 
tated until  perfect  solution  results.  I^me  substances,  of  hygroscopic 
or  deliquescent  characterj  are  preferably  not  reduced  to  pbwder  before 
adding  the  solvent,  in  order  to  avoid  agglutination  ;  such  are  the 
official  scale  salts  of  iron,  which  will  dissolve  more  speedily  if  shaken 
with  water  in  scale  form  than  in  fine  powder.  Whenever  heat  must 
be  employed  for  small  operations  of  solution,  a  glass  flask  will  be 
found  more  desirable  than  a  dish,  as  evaporation  of  the  solvent  will 
be  retarded,  and  consequently  the  heat  become  concentrated  in  the 
vessel.  Solutions  of  solids  are  known  to  be  denser  than  the  solvents 
used  in  preparing  them,  and  advantage  is  frequently  taken  of  this 
feet  to  facilitate  the  solution  of  large  quantities  of  solid  substances. 


120 


GENERAL  PHARMACY, 


I 


■'1 


i^: 


''■I 


! 


or  of  such  as  are  liable  to  form  viscid  solutions,  or,  where  stirring  or 
agitation  is  impracticable,  by  what  is  commonly  known  asdrmlatory 
displaeementj  which  consists  in  suspending  the  soluble  matter  Just 
below  the  surface  of  the  solvent,  either  on  a  porous  diaphragm,  in 
a  bag  of  loosely  textured  cloth,  or  in  a  perforated  vessel,  wtiich  should 
be  moved  about  from  time  to  time.  By  this  arrangement,  that  por- 
tion of  the  solvent  least  charged  with  soluble  matter  is  always  in 
contact  with  the  solid,  and  as  the  solution  becomes  saturated  it  sinks 
to^  the  bottom,  displacing  the  portion  less  charged  with  the  solid, 
which  rises  to  the  surface,  and  thus  a  continual  circulation  or  system 
of  currents,  favorable  to  rapid  solution,  is  kept  up  in  the  fluid. 

Heat,  as  a  rule,  favors  the  solution  of  solids  and  diminishes  the 
solubility  of  gases,  but  there  are  no  substances  totally  insoluble  in 
the  cold  which  become  soluble  by  the  aid  of  increased  temperature. 
The  effect  .of.  the  application  of  heat  is  the  establishment  of  currents 
in  the  liquid  which  facilitate  solution,  just  as  agitation  of  the  vessel 
fevors  the  same  result ;  and  moreover,  since  heat  intensifies  molecu- 
lar motion  in  both  the  menstruum  and  the  solid,  not  only  will  an 
increased  quantity  of  the  latter  assume  the  fluid  state,  but  sohition 
will  also  be  efiected  in  less  time,  on  account  of  the  energetic  intra- 
molecular activity.  There  are  some  exceptions  to  the  general  rule 
that  heat  increases  the  solubility  of  substances ;  for  instance,  common 
salt  is  about  as  soluble  at  ordinary  temperatures  as  at  the  boiling- 
point  of  water  ;  sodium  sulphate,  or  Glauber's  salt,  increases  in  solu- 
bility rapidly  from  15°  C.  (59°  F.)  to  34°  C.  (93.2°  F.),  at  which 
point  water  takes  up  4  times  its  weight  of  the  salt,  but  beyond  this 
temperature  its  solubility  again  decreases  until  100°  C.  (212°  F.)  is 
reached,  when  water  takes  up  about  2.13  times  its  weight  of  the  salt ; 
calcium  citrate  and  sulphate  as  well  as  slaked  lime  are  far  less  solu- 
ble in  hot  water  than  in  cold,  and  will  be  readily  deposited  if  their 
solutions  be  boiled. 

The  term  "  solubility,"  when  no  solvent  is  mentioned,  aUyays 
refers  to  the  behavior  of  the  substance  toward  water  at  the  ordinary 
temperature — ^about  15.6°  C.  (60°  F.);  thus  the  statements  that 
sugar  is  soluble  and  bismuth  subnitratc  is  insoluble  refer  solely  to 
the  liquefying  effect  which  water  has  upon  the  two  substances. 
Different  degrees  of  solubility  are  expressed  by  such  terms  as 
sparingly  soluble^  mhbky  and  very  soluble  ;  these  varying  degrees  of 
solubility  do  not  determine  the  rapidity  of  solution,  for  some  sub- 
stances are  known  to  dissolve  slowly  but  to  a  greater  extent  than 
others  which  enter  into  solution  more  rapidly  but  in  less  proportion. 
Substances  differ  greatly  in  their  solubility  in  water ;  as  extremes 
may  be  mentioned  zinc  chloride,  soluble  in  one-third  of  its  weight 
of  water,  and  barium  sulphate,  which  requires  about  800,000  times 
its  weight  of  water  for  solution.  Substances  but  slightly  soluble  in 
water  may  be  very  soluble  in  other  liquids ;  as  camphor,  which  re- 
quires about  1000  parts  of  water  for  solution,  but  is  readily  soluble 
in  one-third  of  its  weight  of  chloroform. 
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The  Pharmacopoeia,  ia  the  case  of  nearly  every  soluble  substance, 
indicates  the  degree  of  solubility  by  stating  the  number  of  parts  by 
weight  of  the  solvent  necessary  to  dissolve  one  part  of  the  substance ; 
this  proportion  is  usually  given  for  both  normal  and  boiling  temper^ 
atures.  The  pharmacist  must  be  familiar  with  the  methods  for 
determining  the  solubility  of  substances,  so  as  to  be  able  to  apply 
the  official  tests  intelligently.  At  ordinary  temperature,  15^  C. 
{59°  F.),  a  simple  but  accurate  plan  is  to  place  some  of  the  sub- 
s^nce  in  fine  powder  in  a  wide  test-tube,  or  small  flask,  provided 
with  a  stopper,  and  add  as  much  of  the  solvent  as  may  be  necessary, 
leaving,  however,  a  small  portion  of  the  substance  undissolved; 
shake  the  flask  freely,  or  stir  the  contents  of  the  tube  briskly  with  a 
glass  rod,  warm  the  mixture  slightly  in  a  water-bath  and  allow"  it 
to  cool  down  to  15^  C  (59°  R),  by  placing  the  tube  or  flask  in 
water  having  that  temperature.  In  order  to  avoid  a  supersaturated 
solution,  the  mixture  snould  next  be  set  aside  for  twenty-four  hours 
at  normal  temperature,  and  occasionally  stirred  with  a  glass  rod,  the 
«des  of  the  tube  or  flask  being  also  rubbed  with  the  .rod.  The  solu- 
tion thus  obtained  is  passed  through  a  small  dry  filter  into  a  tared 
glass  or  porcelain  dish,  and  weighed ;  after  evaporation  to  dryness 
the  residue  is  carefully  weighed,  when  the  difference  between  the 
weight  of  the  solution  and  that  of  the  dry  residue  represents  the 
weight  of  solvent,  and  from  this  the  ratio  of  solubility  is  easily  cal- 
culated. Examples  :  Suppose  the  clear  filtrate  weighs  10.5  Gm.  (or 
162  grains)  and  the  dry  residue  therefrom  1.125  Gm.  (or  17.36 
grains),  then  the  weight  of  the  solvent  must  be  9.375  Gm.  (or 
144.64  grains),  and  the  substance  under  examination  is  soluble  in 
«.33+  parts  of  the  liquid  used,  for  9.375-^-1.125  or  144.64 -^^ 
17.36==  8.33 -f. 

It  is  not  necessary  that  all  of  the  filtrate  be  evaporated,  as  a  por- 
tion of  it  will  yield  as  accurate  results  as  the  whole  quantity ;  but 
it  should  be  borne  in  mind  that  in  many  cases,  especially  of  solutions 
of  alkaloidal  salts,  it  frequently  happens  that  a  paper  filter  abstracts 
some  of  the  dissolved  substance  from  the  solution,  which  would,  of 
course,  give  rise  to  error ;  to  avoid  this,  such  solutions  may  be  filtered 
through  a  pledget  of  asbestos  or  glass  wool,  or  if  filtered  through 
paper  the  first  third  of  the  filtrate  should  be  rejected  and  the 
remainder  collected  separately. 

The  determination  of  the  solubility  of  a  substance  at  temperatures 
above  the  normal  becomes  more  difficult  on  account  of  the  loss 
incurred  during  the  filtration  of  hot  liquids  by  ordinary  methods. 
The  late  Dr.  Charles  Rice  devised  a  very  useful  and  simple  apparatus, 
called  by  him  a  lysimeter  (from  the  Greek  Xuae^,  solution),  which 
enables  the  operator  to  obtain  a  clear  filtrate  without  any  loss  what- 
ever, even  at  the  boiling  temperature  of  liquids.  Fig,  98  shows 
the  construction  of  the  lysimeter,  which  consists  of  a  glass  tube, 
<(y  15  centimeters  (6  inches)  in  length  and  1  centimeter  (^  inch)  in 
external  diameter,  provided  at  one  end  with  a  well-ground  stopper, 
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e,  while  the  other  end  is  cup-:ihaf)ed,  then  heing  a  oootracted  neck 
between  the  cup  uxl  the  main  tube.  Into  this  cup  is  made  to  fit  a 
eaiefallr  groaod  glass  bell,  f,  having  a  small  perforation  in  its 
bonom,  as  shown  in/,-  there  in  also  a  stopper,  6,  which  is  carefullj 
grooDd  to  fit  into  the  cup,  and  which  is  inserted  after  the  glass  bell, 
e,  has  been  remoTed. 

AVhen  n»ng  the  apparatus  it  is  necessan-  to  provide  sufficient 

liquid  to  allow  at  least  one-half  of  the  tube,  a.  to  be  immersed ; 

beaker  glasses,  or  preferably  wide  t«sl^tubes, 

Fic.  98.  may  be  used  for  effecting  the  solution.     Sup- 

**  pose  it  is  desired  to  ascertain  the  solubility  of 

Wa  sabfitance  in  boiling  alcohol.  The  following 
is  the  plan  of  procedure:  Insert  the  stopper c 
into  the  tube  a,  and  into  the  cup-shaped  end 
insert  the  glass  bell  t,  containing  a  pledget  of 
^^  purified  cotton,  and  secured  in  place  by  a  thin 

"5*  platinum  wire  passing  around  the  contracted 

j^/^^  neck  and  over  the  mouth  of  the  bell.     Suffi- 

^^^Tt  cient  alcohol  baring  been  put  into  a  wide  test- 

^BB^  tube  or  a  beaker,  the  same  is   heated  in  a 

water-bath  and  the  finely  powdered  substance 
.  added  until,  after  boiling  has  continued  for 

^^^  some  time,  a  portion  of  the  substance  remains 

■  ^M  undissolved.       The    lysimeter,    prepared    as 

^^^V  above  directed,  is  now  inserted  into  the  liquid, 

^^^^  and  when  tlie  tube  has  assumed  the  tempera- 

^^|H  ture  of  the  boiling   liquid  the  stopper  e  is 

^^^H  removed,  which  enables  the  solution  to  filter 

^^^P  through  the  pledget  of  cotton  and  rise  in  the 

^  tube  as  far  as  the  quantity  of  fluid  will  per- 

mit If  the  filtered  solution  be  alloweo  to 
flow  back  through  the  cotton  once  or  twice, 
greater  uniformity  of  the  liquid  will  be 
insured.  The  stopper  c  is  now  reinserted,  the 
apparatus  withdrawn  from  the  liquid  and 
turned  upside  down  to  allow  the  bell  c  to  be 
removed  and  the  stopper  c  to  be  inserted  in 
its  place.  The  stopper^  tube  is  carefullr 
cleaned  externally  by  wushing  with  alcohol, 
and  laid  n^de  until  cold.  The  tare  of  the 
stoppered  tube  having  previously  been  ascer- 
tained, the  increase  in  weight  must  represent 
the  weight  of  the  solution  contained  therein. 
After  transferring  the  solution  to  a  tared  cap- 
sule or  l>e]iker  the  tube  is  carefully  rinsed 
Bieei ir^imeic?  ^^^  alcohol,  and  the  washings  added  to  the 

contents  of  the  capule  or  b^ker;  the  solu- 
tion is  slowly  evaporated  on  a  water-bath,  and  afterward  heated  to 
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dryness  in  a  drying  oven,  when  the  weight  of  the  residue  will  indi- 
cate the  weight  of  the  dissolved  substance,  and  subtracting  thi» 
from  the  weight  of  the  solution  gives  the  weight  of  alcohol.  From 
these  data  the  ratio  of  solubility  is  calculated  in  the  manner  already 
explained  in  the  example,  given  for  determining  the  solubility  at 
normal  temperature. 

Bapid  simple  solution  of  solid  bodies  is  always  accompanied  by 
a  fall  in  temperature,  while  a  solution  of  gases  causes  ?  rise  in  tem- 
perature ;  these  phenomena  are  in  accordance  with  the  laws  govern- 
ing the  state  of  aggregation  of  bodies.  Solids,  for  the  assumption 
of  the  fluid  state,  require  a  certain  amount  of  energy  or  heat,  which 
is  withdrawn  from  the  surrounding  liquid  and  becomes  latent,  while 
gases  when  condensing  to  liquids  give  out  an  amount  of  heat  corre- 
sponding to  that  required  for  maintenance  of  the  gaseous  state* 
Four  ounces  of  ammonium  nitrate  or  potassium  iodide  rapidly 
shaken  in  a  bottle  with  two  ounces  of  pure  water  will  produce  suffi- 
cient cold  to  condense  the  moisture  of  the  air  on  the  outside  of  the 
bottle  and  freeze  it  into  thin  sheets  of  ice. 

Since  rapid  simple  solution  causes  a  decided  fall  in  temperature^ 
advantage  is  taken  of  the  fact  that  some   substances  hasten  the 
liquefaction  of  others  in  the  production  of  so-called  freezing  mixt* 
ures;  thus,  5  parts  each  of   ammonium    chloride  and   potassium 
nitrate  dissolved  in  19  parts  of  water  will  cause  a  drop  of  tempera* 
ture  of  20*^  C.  (36®  F.) ;  a  mixture  of  2  parts  of  snow  and  3  parts- 
of  crystallized  calcium  chloride  will  cause  the  temperature  to  fall 
from  0®  C.  (32°  F.)  to  —45.5°  C.  (—50°  F.)  and  freeze  mercury; 
the  usual  mixture  for  ice-cream  freezers  consists  of  salt  with  twice 
its  weight  of  snow  or  crushed  ice,  which  produces  a  temperature 
equal  to  about  — 20^  C.  ( — 4°  F.),  the  cream  in  the  cylinder  freezings 
by  reason  of  the  great  abstraction  of  heat  necessary  for  the  rapid 
liquefaction  of  the  ice  and  snow  surrounding  it — not,  as  some  per- 
sons believe,  because  intense  cold  is  imparted  to  it  from  the  outside. 
Salts  which  have  been  deprived  of  their  water  of  crystallization^ 
and  thus  been  converted  into  anhydrous  amorphous  powders,  will 
cause  a  more  or  less  marked  rise  in  temperature  when  brought  into 
solution;  the  heat  thus  generated  must  be  looked  upon  as  due  to 
chemical  action  involving  the  restoration  of  water  necessary  for  the 
assumption  of  the  crystallized  state  by  the  anhydrous  salt.     If  crys- 
tallized sodium  carbonate  be  shaken  with  twice  its  weight  of  water, 
a  marked  fall  in  temperature  will  be  noticed,  whereas  anhydrous 
sodium  carbonate  shaken  with  twice  its  weight  of  water  causes  a 
rise  in  temperature,  thus  proving  the  correctness  of  the  preceding 
supposition.     When  liquids  are  dissolved  in  other  liquids  no  change 
of  temperature  will  occur  in  the  mixture  unless  contraction  of 
volume  takes  place,  as  in  the  case  of  alcohol  and  water  or  sulphuric 
add  and  water. 

Saturated  aolutioiis,  in  a  pharmaceutical  sense,  are  such   aa 
cannot  take  up  any  more  of  the  dissolved  body  at  ordinary  tem- 
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perature ;  in  other  words,  the  solvent  has  become  charged  with  as 
much  soluble  matter  as  it  is  capable  of  retaining  in  intimate  union 
:at  the  ordinary  temperature.  The  statements  of  ratio  of  solubility 
in  the  Pharmacopoeia  and  elsewhere  always  refer  to  the  formation 
of  saturated  solutions  at  the  temperature  named ;  thus  the  official 
statement  that  cane-sugar  is  soluble  at  25®  C.  (77®  F.)  in  0.46  part 
-of  water  and  137.2  parts  of  alcohol^  in  i  part  of  boiling  water  and  28 
parts  of  boiling  alcohol,  means  that  with  the  proportions  of  water 
and  alcohol  named  sugar  forms  saturated  solutions  at  the  tempera- 
tures indicated.  Supersaturated  solutions  are  those  .in  which  the 
■solvent,  by  artificial  means,  has  been  made  to  take  up  more  of  the 
«oIubre  matter  than  it  is  capable  of  retaining  under  ordinary  clr- 
•cumstances ;  they  are  very  unstable  and  present  a  peculiar  condition 
-of  solubility.  If  3  parts  of  .sodium  sulphate  be  dissolved  in  1  part 
•of  water  at  30°  C.  (86®  F.),  the  solution  carefully  filtered  into  a 
perfectly  clean  dry  bottle  free  from  dust,  and  allowed  to  cool  gradu- 
:ally,  it  will  remain  clear  as  long  as  it  is  not  disturbed,  although 
supersaturated,  since  water  at  15®  C.  (59®  F.)  can  dissolve  only  about 
•one-third  of  its  weight  of  the  salt;  but  if  the  bottle  containing  the 
supersaturated  solution  be  shaken,  or  a  little  broken  glass  be  intro- 
•duced,  the  whole  contents  will  suddenly  congeal  to  a  crystalline 
mass.  Saturated  solutions  of  salts  are  frequently  capable  of  dis- 
;solving  other  salts,  and  thus  may  be  used  for  purposes  of  purifica- 
tion ;  if  potassium  nitrate  be  treated  with  a  saturated  aqueous  solu- 
tion of  the  same  salt,  no  more  potassium  nitrate  can  be  taken  up, 
but  impurities  present  will  enter  into  solution  and  are  thus  removed. 

The  effect  which  the  presence  of  one  substance  may  have  upon 
the  solubility  of  another  is  interesting  ^is  well  as  of  practical  value 
in  pharmacy.  Corrosive  sublimate  is  far  more  soluble  in  water 
in  the  presence  of  alkali  chlorides,  and  red  mercuric  iodide  is 
readily  dissolved  in  a  solution  of  potassium  iodide ;  in  both  cases 
union  takes  place  between  the  mercuric  and  alkali  salts.  The 
increased  solubility  of  potassium  chlorate  in  the  presence  of  sodium 
bicarbonate  is  well  known  ;  mutual  decomposition,  no  doubt,  results, 
the  newly  formed  salts,  sodium  chlorate  and  potassium  bicarbonate, 
requiring  only  1.1  part  and  3.2  parts  of  water  at  15®  C.  (59®  F.) 
respectively  for  solution,  as  against  16.7  and  12  parts  for  the 
original  salts.  Ordinarily  iodine  requires  about  6000  parts  of  water 
for  solution,  but  if  mixed  with  twice  its  weight  of  potassium  iodide 
it  will  readily  dissolve  in  20  times  its  weight  of  water.  In  this 
case  no  chemical  union  takes  place,  as  the  iodine  has  every  appear- 
ance of  being  dissolved  but  not  combined  ;  it  retains  its  characteristic 
color  and  odor,  and  if  the  solution  be  heated  in  a  test-tube  the 
iodine  can  be  completely  volatilized,  a  portion  subliming  in  the  cooler 
part  of  the  tube  in  its  original  condition. 

A  marked  example  of  the  effect  of  the  presence  of  one  sub- 
stance on  the  solubility  of  another  is  found  in  the  well-known  con- 
<5entrated  solution  of  sodium  phosphate,  largely  used  by  physicians. 
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Sodium  phosphate  contains  ordinarily  about  60  per  cent,  of  water 
of  crystallization,  and  is  soluble  at  15°  C.  (59°  F.)  in  6  parts  of 
water ;  if  100  Gm.  of  the  salt  be  triturated  with  13  Gm.  of  citria 
acid  and  2  Gm.  of  sodium  nitrate  until  liquefied,  and  enough  water 
then  added  to  bring  the  volume  up  to  100  Cc,  the  solution  will 
keep.  This  solution,  which  represents  about  60  grains  of  sodium 
phosphate  in  each  fluidrachm,  is  the  result  of  chemical  action,  and 
IS  called  by  some  solution  of  sodium  citrophosphate  and  by  others, 
compound  solution  of  sodium  phosphate. 

In  striking  contrast  to  the  above  examples  may  be  mentioned 
the  insolubility  of  potassium  sulphate  in  a  solution  of  ammoniunv 
sulphate  and  of  (lotassium  nitrate  in  a  solution  of  ammonium  nitrate 

Solutions  of  solids  always  measure  more  than  the  liquid  used  to- 
prepare  them,  but  never  as  much  as  the  combined  volumes  of  the- 
solvent  and  dissolved  body.  The  increase  in  volume  will  naturally 
vary  considerably,  and  be  greatest  when  the  substance  to  be  dis- 
solved is  very  soluble,  as  sugar,  sodium  salicylate,  or  potassium 
iodide  in  water.  Another  factor  determining  the  volume  of  the 
solution  is  the  presence  of  large  proportions  of  water  of  crystalliza- 
tion. The  following  table  of  saturated  solutions,  prepared  at  the 
temperature  of  15°  C.  (59°  F.),  is  of  interest : 


Quant 
Subfit 

tltyof 

Quantity  of 
Water  Used. 

Volume  of 

Name  of  Substance. 

bance 

Finished 

Used. 

Solution. 

Borax, 

6Gm. 

96  Cc 

99  Ce. 

FerjTous  Sulphate, 

40 

II 

72  *^ 

93  '* 

Magnesium  sulphate, 

40 

II 

60  " 

82  " 

Potaasium  Bromide, 

40 

(1 

64   " 

77   " 

Potaasium  Chlorate, 

5 

4l 

85   " 

87   ** 

Potassium  Iodide, 

40 

U 

30  " 

42  " 

Sodium  Bicarbonate, 

6 

II 

68  " 

71   *' 

Sodium  Chloride, 

20 

u 

66   *' 

63  " 

Sodium  Phosphate, 

12 

(1 

72  " 

79  " 

Sodium  Salicylate, 

40 

il 

36  " 

61   " 

Sodium  Sulphate, 

20 

11 

56   •* 

69  " 

Sugar, 

60 

It 

30  « 

68  " 

(Borax,  ferrous  sulphate,  magnesium  sulphate,  sodium  phosphate^ 
and  sodium  sulphate  contain  water  of  crystallization  varying  from^ 
45.31  per  cent,  to  60.3  per  cent,  of  the  weight  of  the  substance.) 

Percentage  Solutions. — ^This  term  is  applied  to  solutions  or 
definite  strength,  containing  a  specified  amount  of  soluble  matter  in- 
100  parts  of  the  solution ;  thus  a  1  per  cent,  solution  is  composed 
of  1  part  of  the  soluble  substance  and  99  parts  of  the  solvent ;  or  a 
5  per  cent,  solution  is  composed  of  5  parts  of  the  soluble  substance 
and  95  parts  of  the  solvent,  etc.  For  solids  and  gases  percentage 
solutions  should  always  be  prepared  by  weight,  while  for  liquid  sub- 
stances either  weight  or  voktme  may  be  employed.  The  quantity 
of  soluble  substance  and  solvent  necessary  to  make  a  specified  quan- 
tity of  any  particular  percentage  solution  may  be  readily  ascertained 
by  the  following  rule :  Multiply  the  quantity  of  solution  desired,  irt 
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grammes  or  grains,  by  the  number  expressing  the  percentage,  divide  the 
pi'oduet  by  100,  and  the  quotient  witl  indicate  the  quantity  of  adubU 
substance  necessary;  subtract  this  from  the  total  quantity  of  solution 
desired,  and  the  remainder  will  indicate  the  necessary  quantity  of 
-solvent. 

Examples  :  Wanted  500  Gm.  of  10  per  cent,  carbolized  oil :  500 
X  1 0  =  5000,  and  5000  -5-  1 00  =-  50  ;  500  —  50  ==  450.  Answer : 
Dissolve  50  Gm.  of  crystallized  carbolic  acid  in  450  Gm.  of  olive 
oil. 

Wanted  750  grains  of  4  per  cent,  cocaine  hydrochloride  solution : 
750  X  4  =-  3000,  and  3000  ^  100  =  30 ;  750  —  30  =  720.  Answer : 
Dissolve  30  grains  of  cocaine  hydrochloride  in  720  grains  of  distilled 
water. 

Wanted  640  Gm.  of  2  per  cent,  mercuric  chloride  solution :  640 
X  2  =  1280,  and  1280  -f-  100  =  12.8  ;  640  —  12.8  =  627.2. 
Answer  :  12.8  Gm.  of  mercuric  chloride  must  be  dissolved  in  627.2 
<jm.  of  distilled  water. 

Wanted  480  grains  of  20  per  cent,  quinine  oleate  :  480  X  20  = 
«600,  and  9600  h-  100  =  96  ;  480  —  96  =  384.  Answer  :  Dissolve 
56  grains  of  quinine  alkaloid  in  384  grains  of  oleic  acid. 

Sometimes  a  percentage  solution  of  two  or  three  substances  is 
wanted  ;  in  such  a  case  the  absolute  quantity  of  each  active  ingre- 
•dient  is  first  ascertained  by  the  rule  given  above ;  the  sum  of  their 
weights  is  then  subtracted  from  the  total  quantity  of  solution  desired 
to  find  the  necessary  weight  of  the  solvent ;  for  instance :  Wanted 
250  grains  of  8  per  cent,  cocaine  hydrochloride  solution,  containing 
also  2  per  cent,  of  boric  acid  :  250  X  8  =  2000,  and  2000  h-  100  = 
20 ;  250  X  2  --  600,  and  500  -^  100=  5  ;  20  +  5  =  25  ;  250  —  25 
^=  225.  Answer :  Dissolve  20  grains  of  cocaine  hydrochloride  and 
<6  grains  of  boric  acid  in  225  grains  of  distilled  water. 

When  a  definite  volume  of  a  weight  percentage  solution  is  wanted, 
the  quantity  nearest  in  volume  to  that  required  must  be  made; 
although  this  sometimes  involves  a  slight  loss,  there  is  no  other 
method  known  if  accuracy  is  to  be  preserved.  Thus,  if  2  fluidrachms 
of  a  4  per  cent,  solution  of  any  soluble  chemical  are  wanted,  5  grains 
of  the  substance  must  be  dissolved  in  120  grains  of  water;  the  125 
grains  of  solution  will  measure  a  trifle  more  than  2  fluidrachms. 
If  8  fluidounces  of  a  10  per  cent,  solution  are  wanted,  4000  grains 
of  solution  must  be  made  by  using  400  grains  of  the  medicinal  agent 
and  3600  grains  of  water ;  8  fluidounces  of  water  weigh  3646  grains 
lience  the  excess  of  solution  will  not  be  large.  If  a  quart  of  1  per 
oent.  mercuric  chloride  solution  is  desired,  15,000  grains  of  solution 
must  be  made,  as  the  w^eight  of  a  quart  of  water  is  14,583  grains, 
which  is  only  267  grains  less  than  the  quantity  of  water  necessary  ; 
150  grains  of  mercuric  chloride  dissolved  in  J4,850  grains  of  water 
yield  only  a  little  over  ^  fluidounce  more  of  the  solution  tJian  is 
wanted.  If  500  Co.  of  a  5  per  cent,  solution  are  desired,  630  Gm. 
of  the  solution  must  be  made,  the  excess  of  solution  being  3.5  Co., 
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for  5  per  cent,  of  530  is  26.5,  and  as  each  Cc.  of  water  equals  1 6m., 

530  —  26.5=  503.5.     When  solvents  other  than  water  are  used^ 

LaviDg  a  higher  or  lower  specific  gravity,  due  allowance  must  be 

made  for  this  fact,  as  the  volume  of  a  liquid  compared  with  that  of 

an  equal  weight  of  water  varies  with  the  specific  gravity  of  the 

liquid ;  thus,  if  4  fluidounces  of  a  5  per  cent,  solution  of  iodoform 

ia  alcohol  are  desired,  it  will  suffice  to  make  1600  grains,  of  which 

80  grains  must  be  iodoform  and  1520  grains  alcohol ;  this  will  insure 

the  full  volume  desired,  as  the  specific  gravity  of  official  alcohol  is 

0.820,  and  4  fluidounces  will  therefore  weigh  only  1494.7  grains 

{for  455.7X4X0.820=  1494.69),  whereas  4  fluidounces  of  water 

weigh  1822.8  grains.     If  a  definite  volume  of  a  percentage  solution  in 

glycerin  is  required,  it  becomes  necessary  to  make  a  larger  quantity 

by  weight  than  for  the  same  volume  of  an  aqueous  solution,  because 

the  specific  gravity  of  glycerin  is  1.25,  or  one-fourth  higher  than 

that  of  water,  while  its  specific  volume  is  only  0.8,  or  one-fiflh  lower 

than  that  of  water.     To  make  250  Cc.  of  a  10  per  cent,  solution  of 

borax  in  glycerin  would  require  35  6m.  of  borax  and  315  Gm.  of 

glycerin,  yielding  350  Gm.  of  solution ;  this  quantity  will  not  be 

much  in  excess  of  250  Cc.,  since  the  volume  of  315  Gm.  of  glycerin 

is  252  Cc.  (315  -f- 1.25),  and  the  presence  of  the  borax  will  not 

materially  influence  the  volume.  When  strong  percentage  solutions 

of  saline  substances  are  made  the  latter  often  increase  the  volume  of 

fluid  m^ctkedly,  and  particularly  so  if  they  contain  much  water  of 

crystallization,  as  shown  in  the  table  on  page  125. 

Solutions  of  arbitrary  strengths  are  frequently  employed,  and 
although  not  as  accurately  made  as  percentage  solutions,  nevertheless 
seem  to  answer  the  purposes  well  for  which  they  are  intended. 
They  are  usually  prepared  as  follows : 

stffwntfth  Af  Quantity  of  Sol- 

aSSBoiL  ^^^^  Sulxitance  Quantity  of  Water  Used. 

uieci. 

1  iu  260   ...  -f  ^  ^™*n  ^  fluidrachros, 

(1  gramme  250  cubic  centimeters. 

I  in  500  /  ^  f^^^  ^  fluidrachms. 

\  1  gramme  500  cubic  centimeters 

1  in  1000  i  ^  grain  18  fluidrachms. 

\1  gramme  1000  cubic  centimeters. 

linfiOOO ngrain  11  fluidounces. 

i  1  gramme  5  liters. 

Iinl0,000 /Ignun  22  fluidounces. 

'  i  1  gramme  10  liters. 

1  in  50,000 ri  grain  110  fluidounces. 

'  i  1  gramme  50  liters. 

(It  is  evident  that  if  metric  weights  and  measures  are  used,  much 
greater  accuracy  will  be  insured.) 

The  so-called  normal  salt  solution  used  by  physicians  for  trans- 
fasion  and  other  purposes  must  not  be  confounded  with  the  normal 
sodium  chloride  solution  used  by  chemists  in  volumetric  analysis. 
The  former,  preferably  called  physiological  salt  solution,  contains 
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but  6  grammes  of  soilium  chloride  in  a  liter^  and  is  practically  a  O.S 
per  cent  solution. 

The  liquids  used  as  solvents  or  menstrua  in  pharmacy  are  water^ 
alcohol^  glycerin^  ether^  chloroform^  and  occasionally  diluted  acids 
and  alkaline  solutions,  as  well  as  fixed  and  volatile  oils ;  each  of  these 
fluids  has  a  specific  action,  and  their  use  gives  rise  to  different  classes 
of  solution  designated  as  infusions,  tinctures,  wines,  etc.     Water  is 
more  extensively  employed  than  any  other  solvent ;  nearly  all  the 
salts  of  the  alkaJies,  earths,  and  metals  are  dissolved  by  it,  together 
with  a  large  number  of  vegetable  acids  and  the  salts  of  the  alkaloids. 
Alcohol  is  an  excellent  solvent  for  vegetable  substances,  such  as 
resins,  volatile  oils,  glucosides,  and  alkaloids  ;  it  also  possesses  valu- 
able negative  properties,  since  it  does  not  dissolve  gum,  starch,  and 
albumen,  which  impair  the  stability  of  aqueous  solutions.    The  com- 
bined solvent  powers  of  alcohol  and  water  are  utilized  in  the  form 
of  diluted  alcohol  or  wine  as  a  menstruum  for  numerous  liquid 
vegetable  preparations.     Glycerin  is  chiefly  employed  to  insure  the 
permanency  of  vegetable  solutions  when  the  use  of  alcohol  is  contra- 
indicated  ;  it  is  also  an  excellent  solvent  for  the  tannins,  pepsin,  and 
some  mineral  salts  and  vegetable  acids,  and  forms  the  basis  of  a  val- 
uable class  of  solutions  known  as  glyceritea.     The  use  of  ether  is  con- 
fined to  solutions  of  fixed  oils  and  fats,  volatile  oils,  and  resins,  and 
some  alkaloids  and  neutral  principles.     Chloroform  is  employed  as  a 
solvent  for  phosphorus,  the  active  constituents  of  some  drugs,  as 
cantharides,  as  well  as  the  substances  mentioned  al>ove  under  ether^ 
possessing  the  advantage  over  the  latter  of  non-inflammability  and 
a  higher  boiling-point.     Adds,  such  as  acetic,  hydrochloric,  and  sul- 
phuric, are  used  in  connection  with  water  or  water  and  alcohol  to 
facilitate  the  solution  of  active  principles  in  drugs  like  cinchona, 
nux  vomica,  ergot,  sanguinaria,  squill,  etc.,  and  also  to  preserve 
better  the  resulting  solutions.     Alkalies  are  employed  as  solvents  for 
resinous  bodies,  but  to  a  limited  extent  only,  and  the  use  af  fixed 
and  volatile  oils  is  restricted  to  very  few  substances,  chiefly  in  con- 
nection with  liniments  and  ointments. 

The  process  of  treating  a  mixture  of  soluble  and  insoluble  mineral 
substances  with  solvents  which  only  partially  dissolve  them  is  termed 
lixiviation  or  leeching,  and  is  extensively  practised  in  the  arts ;  ai'an 
example  may  be  cited  the  leeching  of  ashes  of  wood  and  marine 
plants  for  the  purpose  of  dissolving  out  the  alkali  carbonates,  iodides, 
etc.  The  various  methods  of  partial  solution  applied  to  mixtures  of 
soluble  and  insoluble  vegetable  matter  are  usually  comprised  under 
the  general  term  "extraction,"  but  have  received  specific  names,  such 
as  infusion,  decoction,  maceration,  digestion,  and  percolation. 

The  process  of  Infusion  is  understood  to  represent  the  solvent 
action  of  boiling  water  on  vegetable  drugs  during  the  time  occupied 
in  cooling ;  it  may  be  varied,  as  to  a  longer  or  shorter  period  of  tune, 
according  to  the  degree  of  extractibilitv  of  the  principles  to  be  dis- 
solve<l,  and  should  always  be  conducted  in  closed  vessels.     The  sub- 
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stance  to  be  infused  should  be  in  a  coarse  state  of  division  and 
preferably  suspended  in  the  liquid.  Decoction  represents  the  solvent 
action  of  fluids  at  their  boiling  temperature,  and  is  confined  to  drugs 
not  yielding  their  active  virtues  at  a  lower  temperature  and  where 
no  loss  of  volatile  principles  need  be  feared.  Maceraiion  consistiS  iu 
subjecting  a  mixture  of  soluble  and  insoluble  matter  in  a  divided 
state  to  the  solvent  action  of  fluids  at  ordinary  temperature  for 
such  length  of  time  as  may  be  necessary  to  insure  complete  solution 
of  the  principles  sought ;  the  process  must  be  conducted  in  well- 
closed  vessels,  and  the  contenti«  must  be  well  shaken  at  least  once  in 
twenty-fbiir  hours.  Frequent  agitation  is  essential  if  complete  ex- 
traction of  soluble  matter  is  to  be  insured  by  maceration,  as  other- 
wise a  dense  layer  of  a  concentrated  solution  will  soon  envelop  the 
material  and  prevent  the  solvent  action  of  the  menstruum  from  being 
effective;  hence  only  a  small  proportion  of  the  soluble  constitu- 
ents will  be  taken  up,  as  may  be  readily  observed  in  the  slight  color 
and  odor  of  the  supernatant  liquid  if  a  mixture  of  asafetida  and 
alcohol,  or  of  opium  and  water,  be  set  aside  for  a  week  itithout  agita^ 
tm.  Digestion  differs  from  maceration  only  in  the  higher  degree  of 
teijipeiatlire  employed,  it  being  constant  during  the  process,  the  use 
of  which  is  connned  to  substances  of  very  close  texture. 

9 


CHAPTER    VIII. 


•  'i  i  i  ■•v''rii'j 


PERCOLATION. 

Percolation,  or,  as  it  is  sometimes  called,  displacement,  is 
beyond  doubt  the  most  important  method  of  solution  or  extraction 
in  the  hands  of  the  pharmacist.  The  term  percolation  (from  the 
Latin  ner  and  colo,  meaning  to  strain  or  tricicle  through)  may  be 
defined  as  a  process  whereby  the  soluble  constituents  of  v^etable 
drugs  are  extracted  by  allowing  the  menstruum  to  permeate  a  column 
of  the  more  or  less  finely  powdered  material,  the  saturated  solution 
being  removed  as  fast  as  formed,  thus  continually  presenting  fresh 
solvent  to  the  drug.  The  apparatus  in  which  the  process  is  carried 
on  is  known  as  the  percolator^  the  solution  obtained  as  the  percolaUj 
und  the  residue  of  insoluble  matter  as  the  mare. 

Although  the  idea  of  solution  by  percolation  did  not  originate  in 
this  country,  its  present  improved  and  general  application  is  due 
entirely  to  American  enterprise  and  ingenuity.     The  first  attempt 
to  extract  soluble  matter  from  powdered  drugs  by  allowing  a  men- 
struum to   exert   its  solvent  action  during  its  passage  throu^  a 
column  of  the  material  was  made  by  Count  Real  in  the  early  part 
of  the  nineteenth  century,  the  principle  involved  being  about  the 
same  as   that  utilized   by  the  French  in  the  preparation  of  their 
world-renowned   coffee.      In    1833   M.   BouUay,   an    enterprising 
French  pharmacist,  considerably  modified  the  plan  of  Count  Real, 
and  in  a  series  of  cai^fuUy  conducted  experiments  demonstrated  the 
adaptability  of  the  process  of  percolation  to  the  extraction  of  v^e- 
tabfc  drugs.     So  convincing  were  the  results  of  bis  investigations 
that  Prof.  William  Procter  and  A.  Duhamel,  prominent  American 
pharmacists,  became  deeply  interested  in  the  work,  and  in  1839 
strongly  advocated  its  adoption  as  a  method  of  extraction  superior 
to  others  known  at  that  time.     Although  the  process  of  percolation 
was  recognized  in  the  United  States  Pharmacopoeias  ot  1840  and 
1850,  it  did  not  meet  with  the  general  favor  since  accorded  it  until 
Prof.  Israel  Grahame,  of  the  Slaryland  College  of  Pharmacy,   in 
1858,  suggested  some  valuable  improvements,  which  led  to  better 
results  than  had  yet  been  obtained.     To  Prof.  Grahame  belongs  the 
credit  of  first  advocating  the  use  of  powders  of  uniform  d^ree  of 
fineness  as  well  as  the  proper  moistening  of  the  powdered  drug  with  a 
sufficient  quantity  of  the  menstruum  before  packing  it  in  the  percola- 
tor, both  of  which  suggestions  are  now  considered  indispensable  to 
successful  percolation  ;  at  the  same  time,  the  use  and  advantage  of  a 
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common  funnel  for  the  percolation  of  many  drugs  was  pointed  out. 
The  advantage  of  properly  moistening  the  powdered  drug  before 
packing  will  be  readily  understood  when  it  is  considered  that  the 
material  to  be  operated  upon  is  not  a  mere  mechanical  mixture  of 
soluble  and  insoluble  matter,  but  that  the  soluble  principles  to  be 
extracted  are  intimately  held  or  enclosed  by  the  insoluble  cellular 
tissue,  and  that  penetration  of  the  tissue  by  the  menstruum  is  neces- 
sary to  eflTect  solution;  the  saturation  of  the  powder  with  the 
liquid  prepares  the  constituents  for  ready  solution  and  establishes 
an  affinity  between  the  cellular  contents  and  the  fresh  menstruum, 
enabling  the  latter  to  permeate  the  cells  by  osmotic  action.  If  the 
menstruum  is  brought  in  contact  with  dry  powder,  absorption  of 
Che  former  either  takes  place  very  slowly  or  is  entirely  interfered 
with,  just  as  dry,  hard  sponge  resists  the  entrance  of  water  for  a 
Jong  time ;  the  original  moist  condition  of  the  drug  before  it  was 
powdered  must  therefore  be  re-established  before  the  menstruum 
can  exercise  its  power  of  extraction. 

The  principle  underlying  the  process  of  percolation  may  be 
stated  as  follows :  A  solvent  or  menstruum,  poured  on  the  top  of  a 
mass  of  powder  consisting  in  part  of  soluble  matter,  supported  on  a 
porous  diaphragm  in  a  cylindrical  or  conical  vessel,  descends  from 
layer  to  layer  by  reason  oi  its  own  gravity  and  the  pressure  of  the 
superincumbent  liquid,  penetrating  the  particles  of  powder  bv 
reason  of  surface  action,  and  exercising  its  solvent  power  on  each 
SBccessive  layer  until  its  power  of  solution  is  exhausted,  after  which 
it  continues  its  downward  flow,  as  a  saturated  solution,  into  the 
receiving  vessel  below.  This  process  continues  until  all  soluble 
constituents  have  been  removed  from  the  powder,  the  descending 
menstruum  becoming  less  and  less  charged  with  extractive  matter. 
To  insure  such  complete  extraction  it  is  aosolutely  necessary  that  the 
material  operated  upon  shall  be  in  a  uniform  powder  and  that  the 
capillarity  or  porosity  of  the  mass  be  not  interfered  with  in  any 
way,  so  that  the  descent  of  the  menstruum  may  be  slow,  even,  and 
r^ular  from  one  horizontal  layer  to  the  next. 

IHflFerent  styles  of  percolators  have  been  proposed  at  various 
tiroes,  and  as  drugs  vary  in  their  nature  and  require  different  treat- 
ment to  yield  different  preparations,  the  pharmacist  must  be  supplied 
with  a  variety  of  percolators,  from  the  conical  shape  of  the  orainary 
funnel  to  the  nearly  cylindrical.  The  choice  of  percolator  depends 
lately  upon  the  character  of  the  percolate  to  be  obtained,  and  also 
upon  the  nature  of  the  drug ;  for  instance,  if  a  very  strong  solution 
is  to  be  prepared  with  a  minimum  quantity  of  menstruum,  a  narrow 
cylindrical  percolator  is  preferable,  so  that  the  solvent  is  made  to 
pass  through  a  long  column  of  the  drug  and  thus  become  thor- 
oughly saturated  ;  a  cylindrical,  or  only  slightly  tapering,  percolator 
iH  also  indicated  when  the  menstruum  is  strongly  alcoholic,  or  when 
ether  or  some  other  volatile  liquid  is  used  for  extraction.  The 
advantage  of  using  a  long,  narrow  percolator  with  the  view  of 
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economizing  menstruum  when  concentrated  vegetable  solutions  are 
to  be  made,  may  be  easily  demonstrated  by  means  of  piQ,  99. 

two   percolators   having   the   same   cubical   ca|mcity, 
but  of  such   difference  in  shape  that  the  diameter  of 
the  one  shall  l)e  exactly  one-half  the  diameter  of  the 
other,  and  that  the  narrower  j)ercolator  shall  be  four 
times  as  long  as  the  other,  as  shown  in  Fig.  99,  A 
and  £,     Suppose  a  given  quantity  of  drug  is  packed 
into  A  and  fills  the  same  up  to  the  line  c,  and  then 
a   like   quantity  of  drug  be   packed  into  B;  if  we 
assume  the  mass  in  A  to  be  divided  into  two  equal 
sections,  a  and  6,  by  means  of  the  plane  de,  it  is  fair 
to  assume  that  the  same  quantity  of  material  in  the 
respective  sections  a  and  b  when  packed  in  £,  instead 
of  occupying  adjoining  spaces  as  in  ^,  would  lie  one 
above   the   other.     If  it  requires    10   liters  of  men- 
struum to  exhaust  completely  the  drug  in  A,  it  may 
be  assumed  that  the  sections  a  and  b  required  equal 
amounts,  or  5  liters  each.     If  5  liters  of  menstruum 
be  now  poured  upon  the  column  of  drug  in  By  this 
quantity  of  menstruum  will  prove  sufficient  to  exhaust 
completely  the  upper  section  r/,  as  the  same  quantity 
of  solvent  provea  adequate  for  the  complete  exhaus- 
tion of  an  identical  quantity  of  drug  in  A  ;  but  the 
solvent  powers  of  the  menstruum  will  not  have  been 
entirely   spent,   and    hence    as   it  passes    downward 
through  the  lower  section  b  it  will  continue  to  extract 
soluble  matter  until  fully  saturated,  and   then  flow 
off  into   the  receiving  vessel.     All  the  soluble  mat- 
ter in   a   and  a  portion  of  that    in  b   having  been 
taken    up  by.  the   5   liters  of 
menstruum  used,  another  por- 
tion  of  menstruum  is  poured 
on  the  top  of  the  column,  and 
as  there   is   no  soluble  matter 
left  in  a,  it  will  be  necessary 
only    to    extract    the    soluble 
matter  still  remaining  in  6,  for 
which  purpose  2  or  3  liters  of 
menstruum  will  suffice.     Thus 
in  connection  with   percolator 
^,  7  or  8  liters  of  menstruum 
are  found  sufficient  to  exhaust 
completely  a  quantity  of  drug 
which  in  percolator  A  was  found 
to    require    10  liters   of  men- 
struum, showing  a   saving   of 
about  20  or  30  per  cent.     If,  on  the  other  hand,  the  quantity  of 
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drug  to  be  extracted  is  small  in  proportion  to  the  menstruum,  as  in 
the  majority  of  ofRcial  tinctures,  a  wider  jiercolator,  of  the  shape 
and  style  shown  in  Fig.  100,  may  be  used,  in  which  the  liquid  will 
traverse  the  column  of  drug  more  rapidly  and  yet  he  able  to 
exhaust  it  thoroughly,  owing  to  the  larger  amount  of  menstruum 
it  the  disposal  of  the  operator.  When  drugs  such  as  gentian, 
sen^,  rhubarb,  orange-peel,  and  others,  which  have  a  tendency 
to  swell  considerably,  particularly  with  aqueous  or  feebly  alcoholic 
meastrua,  are  to  be  percolated,  a  common  funnel  will  often  be 
found  advantageous  on  account  of  the  ample  allowance  for  lateral 
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expansion  of  the  moist  drug.  The  siise  of  the  percolator  selected 
should  be  in  proportion  to  the  quantity  of  drug  to  be  extracted; 
when  properly  packed  in  the  percolator  the  drug  should  not  occupy 
more  than  about  three-fourths  of  its  height. 

The  covered  tin  percolator  (Fig.  101)  consists  of  a  cylinder  vary- 
ing in  size  and  tapering  somewhat  toward  the  fnnnel-slmped  end, 
provided  with  two  penorated  diaphragms  fitting  loosely  into  the 
<rylinder,  the  lower  oi  which  should  be  more  finely  perforated  than 
the    upper.     The   stopcock   in  the  neck  of  the  funnel  serves  the 
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double  purpose  of  allowing  maceration  for  any  desired  period  and 
of  enabling  the  operator  to  regulate  the  rate  of  flow  of  the  percolate. 
Tin  percolators  cannot  be  used,  however,  for  any  drugs  containing 
principles  liable  to  be  affected  by  metal,  or  to  be  exhausted  with  acid 
menstrua. 

Fig.  102  represents  the  Oldberg  percolator,  introduced  in  1884, 
and  especially  designed  for  use  in  the  preparation  of  fluid  extracts. 

These  percolators  are  now  made 
of  heavy  glass  in  nine  sizes,  vary- 
ing from  240  to  7000  cubic  centi- 
meters (about  8  fluidounces  to  2 
gallons)  capacity.  They  are  used 
extensively,  and  are  admirably 
adapted  for  the  exhaustion  of 
drugs  with  a  minimum  quantity 
of  menstruum. 

For  percolation  with  very  vol- 
atile liquids — ether,  chloroform, 
and  the  like — a  specially  con- 
structed percolator  must  be  used 
(see  Fig.  103),  in  which  proper 
provision  is  made  to  prevent  loss 
of  menstruum  and  to  establish 
communication  between  the  ves- 
sel intended  to  receive  the  perco- 
late and  the  space  above  the  drug 
in  the  percolator,  so  that  the  air 
may  pass  upward  when  displaced 
by  the  percolate  in  the  receiving 
jar;  this  latter  provision  is  es- 
sential to  successful  percolation. 
As  may  be  seen  from  the  illus- 
tration, the  percolator  is  fitted 
air-tight  to  the  receiving  vessel 
by  being  passed  through  a  cork,  and  loss  of 
menstruum  at  the  top  is  prevented  by  a  w^ater- 
joint  with  which  the  cover  of  the  percolator 
forms  an  air-tight  connection.  The  air  is 
carried  up  outside  of  the  percolator,  and  made 
to  enter  at  the  top,  to  take  the  place  of  men- 
struum passing  downward  through  the  drug. 
Fresh  menstruum  may  be  supplied  through 
the  opening  in  the  cover  without  disturbing 
the  water-ioint.  Another  plan  to  provide  for  the  upward  displace- 
ment of  the  air  from  the  receiving  jar  is  to  pass  a  tube  through  the 
centre  of  the  percolator  and  extending  below  the  lower  diaphra^m^ 
the  drug  being  packed  around  the  tube ;  such  an  arrangement  is 
fihown  in  the  tin  percolator,  Fig.  104,  which  is  likewise  provided 
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with  a  water-joint,  and  the  exit  tube  nf  which  should  also  pass  air- 
tight through  a  cork  in  the  neck  of  the  receiving  vessel.  An 
arrangement  of  tubing  on  the  outside,  as  seen  in  Fig.  103,  may  be 
attached  to  any  percolator  capable  of  being  closed  air-tight  at  the 
tup  with  a  Cork. 

In  1874  the  Dursse  percolator  was  introduced  (see  Fig.  105). 
It  combines  the  advantages  of  a  broad  cylindrical  and  a  conical 
vessel,  and  ia  admirably  adapted  for  quantities  of  drug  ranging 
from  400  to  600  Gm.  Unfortunately  but  one  size  is  made  of  this 
pattern,  which  is  15  inches  in   lengui,  5  inches  in  diameter  at  the 
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top,  and  1  inch  at  the  beginning  of  the  outlet  tube.  One  of  these 
percolators  was  in  use  almost  weekly,  during  eighteen  years,  in  the 
author's  hands,  and  many  pounds  of  iiuz  vomica,  cinchona,  ergot, 
ginger,  vanilla,  gentian,  rhubarb,  valerian,  etc.,  were  successfully 
eitracted  therein  during  that  time.  Its  chief  merits  lie  in  the 
perfect  uniformity  of  its  sides  and  its  accurately  fitting  cover,  by 
which  the  flow  of  the  liquid  can  be  regulated  and  all  volatilization 
of  raenstmura  be  prevented.  Being  made  of  heavy  glass,  it  bears 
usage  very  well  and  is  not  easily  bn^en. 

Manu&cturers  who  operate  upon  large  quantities  of  drugs,  vary- 
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iiig  from  25  to  500  pounds  or  more,  employ  percolators  made  of 
heavy  tin  or  tmoed  copper.  Such  percolators  are  usually  of  the 
shape  shown  in  Fig.  106,  aud  supported  in  an  adjustable  frame; 
or  are  cut  oflF  flat  at  the  point  where  the  funnel-shaped  end  b^ns, 
and  supported  on  a  heavy  wooden  stand.  In  the  latter  shape, 
the  drip-cock  is  Bituated  on  the  side  of  the  percolator,  near  the 
bottom.  These  large  percolators  are  provided  with  two  diaphragms 
or  perforated  disks,  likewise  made  of  heavy  tin  ;  the  one  is  placed 
about  8  or  10  inches  from  the  bottom,  and  is  usually  covered 
with  a  piece  of  muslin  before  tlie  moistened  drug  is  introduced, 
while  the  other  diaphragm  is  inserted  over  the  mass  of  drug,  which 
has   been   previously   covered  with  a   piece   of  felt  or  flaonel  to 

Pro.  107. 


Squlbb's  veU'tnbe  percolator,  made  of  stonewara. 
insure  uniform  distribution  of  the  menstnium.  In  order  that  the 
descent  of  the  menstruum  may  be  regular  and  uninterrupted  dur- 
ing maceration  of  the  drug,  a  tube  attached  to  the  inner  side  of  the 
percolator  connects  the  space  below  the  lower  diaphragm  with  the 
space  above  the  upper  disk,  and  thus  allows  the  air  from  below  to 
displace  the  menstnium  above.  A  well-fitting  cover,  as  shown  in 
the  illustration,  prevents  evaporation  of  alcohol  and  admits  fresh 
menstruum  when  desired.  _ 

The  well-known  siphon  or  well-tube  percolator,  suggested  in  1b~2 
by  the  late  Dr.  E.  It.  ^uibb,  is  extensively  used  in  the  laboratories  of 
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some  mauufacturers ;  the  principle  involved,  with  slight  modifica- 
&im,  has  been  adopted  in  the  official  direi^tion  for  percolation  in  the 
IjDited  States  Pharrbacopffiia  since   1880.     The  Squibb  well-tube 
percolator,  as  shown  in  Fig.  107,  is  constructed  upon  the  principle 
of  an  artesian  well,  the  moistened  drug  representing  the  soil,  through 
which  the  menstruum  passes  very  slowly,  the  solution  or  percolate, 
rising  in  the  well-tube  which  passes  through  the  centre  of  the  mass, 
being  linallv  drawn  oif  by  means  of  the  glass  siphon.     The  proceiiis 
is  eompletely  under  the  control  of  the  operator  as  regards  the  rate  of 
flow  of  the  i>ercolate  and  maceration  of  the  mass  to  any  desired  extent. 
To  prevent  particles  of  drug  from  entering  the  weil- 
tube,  this  is  made  to  rest  on  several  disks  of  flannel,        ^™-  ^*8. 
through  which  the  percolate  must  pass  before  it  can 
enter  the  tube.     The  siphon  acts  automatically  after  it 
has  once   been   started,   and    cannot    exhaust    itself, 
because  when    the    liquid    in  the  percolator  falls  to 
the  level  of  the  turnea-up  end  of  the  outer  limb  of 
the    siphon  the  flow  ceases,  leaving  the  siphon-tube 
full   of  liquid,  the  difference   in    the   lengtn   of  the 
two  limbs  of  the   snihon   being   only  such  that  the 
inner  limb  reaches  the  bottom  of  the  well-tube,  and 
when  measured  on   the  outer   limb,  reaches   to   one- 
half  of  ila  turned-up  end.     The  pressure  on  the  sur- 
face of  the  moistened  drug  being  duly  counterbalanced 
by  the  atmuspheric  pressure  on  the  column  of  perco- 
late in   the  well-tube  and  siphon,  all  particles  of  the 
mass  in  the  percolator  will  be  subject  to  uniform  press- 
ure; thus  the  gravitation  of  the  liquid  is  used  to  best 
advantage,  just   as   in   the   case  of  the  rubber   tube 
recommended    in   the    pharmacopoeial    directions   for 
percolation.     The  body  of  the  percolator  may  be  made 
of  glass  or  stoneware,  and  the  evaporation  of  menstruum 
prevented  by  a  tightly  fitting  cover  of  sheet  rubber 
about  i  or  ^  inch  thick. 

Much   has  been  written  about  "  pressure  percola- 
tors," the  chief  claim  advanced  for  their  use  being  the 
complete   extraction   of  drugs  with    less   menstruum 
thaa  by  ordinary  methods,  which  applies  to  the  prepa- 
ration of  concentrated  solutions,  such  as  fluid  extracts. 
The   idea   of   more   complete   solution    by  means  of 
pressure  originated  with  Count  Real  about  1815,  and 
the  apparatus  devised  by  him  (see  Fig.  108)  hears  a 
close  resemblance  to  some  of  the  pressure  percolators 
of  the   present  day,  devised  by  Kosenwasser,  Berry,       The  "Coimt 
Suit,  and  Anderson.     In  the  more  recent  apparatus  the     ^^reoiau^""* 
drug  to  be  extracted  is  confined,  by  means  of  a  suitable 
screw  arrangement,  between  jwrforated  disks,  in  any  desired  space, 
without  the  possibility  of  exj>ansion  on  coming  in  contact  with  the 
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bulk  of  the  menstruum.  The  solvent  is  forced  thmugh  the  mass 
by  pressure  obtained  from  a  column  of  liquid  10  or  12  feet  in  height, 
supplied  by  a  reservoir. 

Management  of  the  Process  of  Percolation. — ^The  Pharmaco- 
poeia gives  the  following  directions  for  conducting  percolation^  which 
are  applicable  to  all  official  preparations  in  which  this  method  of  solu- 
tion is  indicated,  as  in  each  individual  case  the  fineness  of  powder, 
the  quantity  of  menstruum  to  be  used  for  moistening  the  drug,  and 
the  degree  of  firmness  with  which  it  is  to  be  packed  are  specified : 

"  The  percolator  most  suitable  for  the  quantities  contemplated  by 
the  Pharmacopoeia  should  be  nearly  cylindrical  or  slightly  conical, 
with  a  funnel-shaped  termination  at  the  smaller  end.  The  neck  of 
this  funnel  end  should  be  rather  short,  and  should  gradually  and 
regularly  become  narrower  toward  the  orifice,  so  that  a  perforated 
cork,  bearing  a  short  glass  tube,  may  be  tightly  wedged  into  it  from 
within  until  the  end  of  the  cork  is  flush  with  its  outer  edge.  The 
glass  tube,  which  must  not  protrude  above  the  inner  surface  of  the 
cork,  should  extend  from  3  to  4  Cm.  beyond  the  outer  surface  of  the 
cork,  and  should  be  provided  with  a  closely  fitting  rubber  tube^ 
at  least  one-fourth  longer  than  the  percolator  itself,  and  ending  in 
another  short  glass  tube,  whereby  the  rubber  tube  may  be  so  sus- 
pended that  its  orifice  shall  be  above  the  surface  of  the  menstruum 
in  the.  percolator,  a  rubber  band  holding  it  in  position. 

"  The  percolator  is  prepared  for  percolation  by  gently  pressing  a 
small  tuft  of  cotton  into  the  space  of  the  neck  above  the  cork,  and 
this  may  then  be  moistened  by  pouring  a  few  drops  of  the  menstruum 
upon  the  cotton,  to  facilitate  the  passage  of  the  first  portion  of  the 
percolate,  which  is  often  very  dense. 

"  The  powdered  substance  to  be  percolated  (which  must  be  uni- 
formly of  the  fineness  directed  in  the  formula,  and  should  be  per- 
fectly air-dry  before  it  is  weighed)  is  put  into  a  basin,  the  specified 
quantity  of  menstruum  is  poured  on,  and  it  is  thoroughly  stirred  with 
a  spatula  or  other  suitable  instrument  until  it  appears  uniformly 
moistened.     The  moist  powder  is  then  passed  through  a  coarse  sieve 
— No.  40  powders  and  those  which  are  finer  requiring  a  No.  20 
sieve,  while  No.  30  powders  require  a  No.  15  sieve  for  this  purpose. 
Powders  of  a  less  degree  of  fineness  usually  do  not  require  this  ad- 
ditional treatment  after  the  moistening.     The  moist  powder  is  now 
transferred  to  a  sheet  of  thick  paper  and  the  whole  quantity  poured 
from  it  into  the  percolator.     It  is  then  shaken  down  lightly  and 
allowed  to  remain  in  that  condition  for  a  period  varying  from  fifteen 
minutes  to  several  hours,  unless  otherwise  directed  ;  after  which  the 
powder  is  pressed  by  the  aid  of  a  plunger  of  suitable  dimensions, 
more  or  less  firmly  in  proportion  to  the  character  of  the  powdered 
substance   and  the  alcoholic  strength  of  the  menstruum ;  strongly 
alcoholic  menstrua,  as  a  rule,  permitting  firmer  packing  of  the  pow- 
der than  those  weaker.     The  percolator  is  now  placed  in  position  for 
percolation,  and  the  rubber  tube  having  been  fastened  at  a  suitable 
Height,  the  surface  of  the  powder  is  covered  by  an  accurately  fitting 
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disk  or  filtering- paper  or  other  suitable  material,  and  a  sufficient 
quantity  of  the  meostruum  poured  on  through  a  funnel  reaching 
uearly  to  the  surface  of  the  paper.   If  tltese  conditions  are  aecurateljr 


observed,  the  menstruum  will  penetrate  the  powder  equally  until  it 
pa88es  into  the  rubber  tube,  and  reaches  in  this  a  height  correspond- 
ing to  its  level  in  the  percolator,  which  is  now  closely  covered  ta 
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prevent  evaporation.     The  apparatus  is  then  allowed  to  stand  at  rest 
for  the  time  specified  in  the  formula. 

**  To  begin  percolation,  the  rubljer  tube  is  lowered  and  its  glass 
end  introduced  into  the  neck  of  a  bottle  previously  marked  for  the 
quantity  of  liquid  to  be  received,  if  the  percolate  is  to  be  measured, 
or  of  a  tared  bottle  if  the  percolate  is  to  be  weighed;  and  by 
raising  or  lowering  this  recipient  the  rapidity  of  percolation  may  be 
increased  or  lessened,  as  may  be  desired.  A  layer  of  menstruum 
must  constantly  be  maintained  above  the  powder,  so  as  to  prevent 
the  access  of  air  to  its  interstices,  until  all  has  been  added  or  the 
requisite  quantity  of  percolate  has  been  obtained.  This  is  con- 
veniently accomplished,  if  the  space  above  the  powder  will  admit  of 
it,  by  inverting  a  bottle  containing  the  entire  quantity  of  menstruum 
over  the  percolator  in  such  a  manner  that  its  mouth  may  dip  beneath 
the  surface  of  the  liquid,  the  bottle  being  of  such  a  shape  that  its 
shoulder  will  serve  as  a  cover  for  the  percolator.  (For  illustration 
of  the  official  process,  see  Fig.  109.) 

"  It  is  obvious  that  the  success  of  the  process  of  percolation  largely 
depends  upon  the  regulation  of  the  ^  flow.  of.  the  percolate  ;  if  this 
should  be  too  rapid,  incomplete  exhaustion  will  result ;  but  if  too 
slow,  valuable  time  may  be  wasted.  The  rate  of  flow  for  extracts 
and  fluidextracts  for  1000  Gm.  of  powder  should  range  from  2  to  5 
drops  a  minute ;  for  oflicial  quantities  of  tinctures  and  preparations 
of  about  the  same  strength  from  8  to  15  drops  a  minute;  it  is  evi- 
dent that  the  proper  rate  of  flow  should  vary  with  the  quantity  and 
character  of  the  drug  employed  and  the  density  of  the  menstruum." 

The  degree  of  fineness  of  powder  to  which  a  drug  is  to  be  reduced 
depends  partly  u|>on  the  menstruum  to  be  used  and  partly  upon  the 
nature  of  the  active  constituents  of  the  drug  and  the  readiness  with 
which  these  can  be  extracted.  Drugs  like  aconite,  cinchona,  nux 
vomica,  veratrum  viride,  and  others,  require  to  be  in  fine  powder ; 
while  gentian,  rhubarb,  krameria,  squill,  and  the  like,  can  be  readily 
exhausted  in  coarser  powder.  As  a  rule,  strongly  alcoholic  or  ethereal 
menstrua  are  used  with  fine  powders,  whereas  hydro-alcoholic  and 
aqueous  menstrua  are  better  adapted  to  coarser  powders. 

The  quantity  of  menstruum  to  l)e  used  for  moistening  the  powder 
also  varies  with  different  drugs  ;  one-fourth  to  one-half  as  much 
menstruum  as  powder  is  generally  required  to  dampen  it  thoroughly 
without  destroying  its  mobility,  depending  likewise  upon  the  nature 
of  the  drug  and  menstruum.  In  a  few  cases,  where  the  active  con- 
stituents are  quickly  extracted,  and  previous  moistening  might  cause 
the  powder  to  agglutinate,  as  in  the  case  of  the  official  oleoresins,  it 
is  even  better  not  to  moisten  the  drug  at  all  before  placing  it  in  the 
percolator. 

The  next  step  is  the  proper  packing  of  the  percolator,  and  upon  it 
will  largely  depend  the  success  of  the  process.  A  suitable  support 
must  be  provided  for  the  moistened  powder,  and  for  this  purpose  a 
notched  cork  or  a  tuft  of  absorbent  cotton   may  be  used.     If  cork 
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Fig.  110. 


be  chosen,  a  layer  of  cotton  should  be  placed  over  it  to  prevent  the 
escape  of  powder ;  or  if  cotton  alone  be  used,  it  may  be  slightly  com- 
pressed into  the  neck  of  the  percolator.  Unless  the  quantity  of  drug 
be  large,  the  moistened  powder,  after  having  been  first  passed  through 
a  coarse  sieve  to  break  up  any  lumps,  should  be  transferred  to  the  per- 
colator all  at  oiie  time,  and  then  shaken  down  by  tapping  the  sides  of  the 
vessel.  If  the  drug  is  to  be  saturated  with  menstruum  before  macera- 
tion, as  in  the  case  of  fluid  extracts,  the  powder  should  be  at  once  com- 
pressed, moderately  or  firmly,  as  the  character  of  the  menstruum  and 
the  nature  of  the  drug  may  require.     As  a  rule,  fine  powders  and  alco- 
holic menstrua  demand  firm  packing,  as  also  ligneous  and  spongy  drugs 
under  certain  conditions;  aqueous  menstrua  generally  necessitate  mod- 
erate compression.  If  the  moistened  drug  be  intro<luced  in  layers,  uni- 
form packing  becomes  more  diflficult ;  the  lower  portions  of  the  drug 
should  be  less  firmly  compressed  than  the  upper  layers,  because  the 
menstruum,  when  it  reaches  them,  being  already  charged  with  some 
soluble  matter,  is  denser  than  at  the  top,  and  hence  cannot  penetrate 
a  firmly  packed  mass  as  readily  as  would  fresh  menstruum.     Macera- 
tion of  the  moistened  powder  prior  to  percolation  is  advantageous  in 
many  cases,  as  it  allows  the  drug  to  swell  and  become  more  thoroughly 
permeated  by  the  menstruum,  and  permits  more  satisfactory  packing 
afterward ;    in  some  cases,  where  concen- 
trated solutions  are  desired,  maceration  after 
saturation  is  positively  necessary  to  insure 
good  results.    The  packing  of  the  moistened 
powder  is  best  effected  with  a  packing  stick 
of  suitable  design,  made  of  hard  wo<xl,  of 
the  shape  of  the  well-known  potato-masher. 
Next  to  uniformity  in  fineness  of  powder, 
uniformity  in  packing  is  the  most  important 
feature  in  percolation,  so  as  to  insure  the 
even  descent  of  the  menstruum  ;  if  the  drug 
Ls  more  firmly  compressed  on  one  side  than 
on  the  other,  the  menstruum  is  sure  to  flow 
in  the  direction  of  least  resistance,  and  leave 
a  part  of  the  mass  imperfectly  extracted. 
After  the  powder  has  been  packed,  a  dia- 
phragm of   filtering  paper  or  felt  is  laid 
over  the  surface  and  kept  in  place  by  means  of  pebbles  or  pieces  of 
broken  glass ;  this  is  for  the  purpose  of  preventing  disturbance  of  the 
upper  layer  and  to  insure  equal  distribution  of  the  liquid  when  the 
menstruum  is  poured  on. 

As  stated  in  the  pharmacopoeial  directions,  a  layer  of  menstruum 
must  constantly  be  maintained  above  the  powder,  in  order  to  prevent 
access  of  air  to  its  interstices.  Every  percolator  should  be  pro- 
vided with  a  cover,  which  may  be  either  of  glass  or  sheet-rubber,  to 
avoid  loss  of  or  change  in  the  menstruum. 

The  simplest  arrangement  for  controlling  the  rate  of  flow  of  the 
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percolate  is  by  means  of  a  rubber  tube,  as  specified  in  the  official 
directions,  and  this  device  can  be  attached  to  nearly  every  form  of 
percolator  known.  As  the  rate  of  flow  from  the  tube  wUl  be  pro- 
portionate to  the  difference  in  height  between  the  liquid  in  the  per- 
colator and  the  point  to  which  the  tube  is  raised  on  the  outside,  it  is 
evident  that  its  control  is  within  easy  reach,  and  may  be  varied  from 
a  constant  stream  to  2  drops  per  minute.  The  rapidity  with  which 
the  percolate  shall  be  allowed  to  pass  will  vary  with  the  object  in 
view  and  the  ease  with  which  the  active  principles  enter  into  solu- 
tion ;  for  tinctures,  the  average  rate  may  be  stated  to  be  8  to  15  drops 
per  minute,  while  the  percolate  in  the  case  of  fluidextracts  should  not 
be  allowed  to  flow  faster  than  from  2  to  5  drops  per  minute. 

The  complete  exhaustion  of  a  drug  can  only  be  judged  by  the 
physical  properties  of  the  last  portions  of  the  percolate ;  hence  a 
thorough  knowledge  of  the  valuable  constituents  sought  to  be 
-extracted  is  essential ;  absence  of  color  and  odor  is  not  always  indic- 
ative of  perfect  exhaustion,  and  the  sense  of  taste  furnishes  a 
more  reliable  test  in  the  case  of  aconite,  ginger,  nux  vomica,  etc. 
Drugs  like  jalap  and  podophyllum  are  known  to  be  exhausted  when 
the  percolate  mixes  clear  with  water,  as  this  will  not  occur  until  all 
•resin  has  been  extracted.     Cardamom^  valerian,  vanilla  and  similar 
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Glass  recelTlnff  Jar,  graduated 
in  metric  fluid  measure. 


Graduated  glass  receiving 
Jar,  home  made. 


aromatic  drugs  are  judged  entirely  by  the  odor  of  the  percolate ; 
quassia,  rhamnus  and  gentian,  by  the  bitter  taste ;  and  rhatanv, 
<»teehu,  and  geranium,  by  the  peculiar  astringency  of  their  soluble 
<;onstituents. 

A  considerable  quantity  of  alcoholic  menstruum   is  sometimes 
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retained  by  the  marc  after  exhaustion  of  the  drug^  and  this  may  be 
recovered  by  expression  or  by  percolation  with  water,  either  direct 
or  after  admixture  with  clean  sawdust.  Such  recovered  alcohol  is 
uofit  for  further  use  until  it  has  l)een  purified  by  adding  3  grains 
of  potassium  permanganate  to  every  pint,  shaking  the  mixture 
occasionally  during  several  days,  and  then  decanting  and  distilling. 
Another  plan  to  avoid  the  loss  of  alcohol  by  absoq)tion  is  to  employ 
gradually  weaker  menstrua,  after  the  required  quantity  of  original 
menstruum  has  all  been  added. 

Much  time  and  annoyance  may  be  saved  by  collecting  the  perco- 
late in  properly  graduated  glass  jars  (if  the  percolate  is  to  be 
weighed,  use  tared  vessels),  which  can  be  obtained  from  glass  manu- 
facturers in  different  sizes  adjusted  both  for  apothecaries'  and 
metric  fluid  measure  (see  Figs.  110  and  111).  A  convenient  plan 
also  is  to  paste  a  strip  of  paper  on  a  wide-mouth  bottle  and  mark 
on  the  same  with  ink  the  different  quantities  of  liquid  measured 
into  the  bottle,  as  shown  in  Fig.  112 ;  to  protect  the  paper  scale  and 
render  it  impervious  to  moisture,  it  should  be  coated  with  color- 
less varnish. 

The  usual  method  of  supporting  percolators  is  by  means  of  the 
iron  rings  of  a  retort-stand,  as  shown  in  Fig.  109 ;  in  order  to  pro- 
tect the  glass,  sections  of  rubber  tubing  may  be  attached  to  the 
rbgs,  forming  suitable  cushions  or  guards.     A  very  convenient 
arrangenient  is  Beck's  percolating  stand  (see   Fi^.    113),   which 
admits  of  simultaneous  multiple  operations  and  is  equally  well 
ad^ted  for  use  in  the  store  or  laboratory.     The  stand  can  either  be 
placed  on  the  floor  or  be  supported  on  two  iron  brackets  fastened 
to  the  wall;  as  shown  in  the  illustration,  it  can  be  changed  by 
means  of  thumb-screws  to  suit  various  heights  of  bottles.     The 
length  of  the  base-board  is  42  inches,  the  width  12  inches,  and  the 
extreme  height  of  the  stand  36  inches ;  the  supports  for  percolators 
and  funnels  are  formed  by  means  of  cross-pieces  suitably  hollowed 
out  and  secured  by  screws  passing  through  the  slot  in  the  cross- 
bars. 

Bepercolation  is  a  process  intended  for  the  preparation  of  con- 
-centrated  vegetable  solutions  with  a  minimum  quantity  of  men- 
^ruum,  and  is  confined  to  the  manufacture  of  fluid  extracts  without 
heat  Dr.  Squibb,  whg^  was  the  author  of  the  process,  defined  it  to 
I)e  'Hhe  successive  application  of  the  same  percolating  menstruum 
to  fresh  portions  of  the  substance  to  be  percolated."  His  sugges- 
tion was  based  upon  the  observation  that  a  weak  solution  of 
the  constituents  of  a  drug  is  a  better  solvent  for  the  soluble  active 
principles  of  that  drug  than  fresh  menstruum.  The  following 
example  will  serve  to  illustrate  the  process  of  repercolation :  1000 
Gm.  of  a  properly  powdered  drug  are  divided  into  five  portions  of 
200  Gm.  each ;  one  portion  is  moistened,  packed,  macerated,  and 
percolated  to  exhaustion,  the  first  150  Cc.  of  the  percolate  being 
set  aside  as  finished  product,  the  remainder  being  collected  in  frac- 


GENERAL  PHARMACr. 


tions  of  200  Cc,  aad  mmibered  respectively  1,  2,  3,  etc.,  in  tlie 
order  in  which  they  are  collected.  Tfie  second  portion  of  the  drug 
is  moistened  witli  No.  1  weak  percolate,  packed  and  percolated  t« 
exhautitiun,  the  different  weak  percolates  being  used  in  the  order  la 
which  they  have  been  collected,  followed  by  fresh  menstruum  if 
necessary,  the  first  200  Cc.  of  the  percolate  from  this  second  portion 


Beck'a  percolating  aland. 

of  the  drug  being  set  aside  an  finished  product,  the  remainder  being 
again  collected  in  fractions  of  200  Cc,  and  numbered  1,  2,  3,  etc., 
as  before.  The  third,  fourth,  and  fifth  portions  of  the  drug  ara 
treated  exactly  like  the  second  portion,  the  first  200  Cc.  of  the  PCT- 
colate  in  each  instance  being  set  a.«ide  as  finished  product.  A\^on 
the  fifth  portion  of  the  dru^  has  been  exhausted  there  will  l)e  on 
hand  five  lots  of  finished  product— 150,  200,  200,  200,  and  200 
Cc. ;  total,  9.50  Cc. — and  Ifesides,  four  or  five  lots  of  weak  perco- 
late supposecl  to  liold  in  solution  the  soluble  matter  from  50  Gm. ; 
these  weak  percohites,  properly  numbered,  are  set  aside,  to  he  again 
used  in  place  of  fresh  menstruum  for  the  next  lot  of  the  same 
preparation,  the  proces.s  henceforth  being  continued  exactly  as 
directed  above  for  the  second  portion  of  the  drug.     This  retention 
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of  25  per  cent,  of  the  soluble  matter  of  one  portion  of  the  drug  in 
the  weak  percolates  is  based  on  numerous  carefully  conducted 
experiment^  the  results  of  which  showed  that  when  100  Gm.  of 
drag  are  exhausted  by  percolation,  from  70  to  80  per  cent,  of  the 
total  soluble  constituents  present  are  contained  in  the  first  75  Cc. 
of  percolate.  By  some  the  process  of  repercolation  is  termed  frac* 
tional  percolation,  and  modifications  of.  Squibb's  method,  stated 
above,  have  been  su^ested ;  in  every  instance,  however,  the  same 
priociple  is  kept  in  view,  namely,  the  use  of  weak  percolates 
instead  of  fresh  menstruum. 

OontinuoaB  percolation  is  a  name  sometimes  applied  to  a  proc- 
ess of  extraction  which  involves  the  exhaustion  of  a  drug  with  a 
limited  quantity  of  menstruum,  by  repeatedly  vaporizing  and  con- 
densing the  fluid  in  a  specially  constructed  apparatus,  so  arranged 
that  we  extracted  soluble  matter  remains  in  the  receiving  flask, 
while  the  solvent,  in  the  form  of  vapor,  passes  upward  to  a  reflux 
condenser,  and  thence  flows  back  into  the  percolator.  This  process 
is  chiefly  employed  in  the  examination  of  vegetable  drugs,  with  a 
view  to  determine  their  valuable  constituents,  and  is  particularly 
adapted  to  the  manufacture  of  the  oflicial  oleoresins.  For  descrip- 
tion of  the  apparatus  employed,  see  the  chapter  on  Oleoresins. 


CHAPTER    IX. 

SEPARATION  OF  NON-VOLATILE  MATTER. 

The  process  of  separation  may  be  applied  to  non-volatile  or  fixed 
as  well  as  volatile  matter ;  in  the  former  case  it  is  understood  to 
refer  to  the  removal  of  insoluble  substances,  sediments,  etc.,  from 
fluids  holding  them  in  suspension,  and  also  of  immiscible  fluids 
from  each  other.  The  various  operations  employed  for  the  separa- 
tion of  solids  from  fluids  are  termed  filtration,  decantation,  expres- 
sion, clarification,  and  decoloration. 
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FILTRATION. 

By  some  pharmacists  filtration  is  considered  so  trivial  an  opera- 
tion as  not  to  merit  extended  consideration ;  but,  like  other  simple 
processes,  it  is  well   deserving  of  study,  as  there  is  room  for  the 
exercise  of  intelligence  and  ingenuity  in  its  many  useful  modifica- 
tions.    Filtration  is  usually  employed  when  the  solid  matter  to  be 
removed  is  not  present  in  excessive  quantity,  and  consists  in  sub- 
mitting the  mixture  to  the  separating  action  of  certain  media  which 
allow  the  fluids  to  pass  through  but  are  impervious  to  the  solid 
particles.     Sometimes  filtration  is  also  called  eolation  or  straining ; 
but  it  is  understood  that  the  process  of  straining  diflfers  from  filtra- 
tion either  in  the  less  complete  removal  of  suspended  sedimentary 
matter  from  a  fluid,  or  in  the  &ct  that  the  solid  particles  are  not  in 
fine  powder  and  can  be  easily  retained  by  coarser  media  than  those 
generally  employed  for  filtration.     Colation  is  a  favorite  mode  of 
separation   when  the  fluid  is  of  a  viscid  character.     The  various 
filtering  media  employed  are  cotton  and  woollen  cloth,  paper  made 
therefrom,  also  absorbent  cotton,  glass  wool,  asl>estos,  sand,  and 
charcoal ;  the  clear  liquid  passing  through  these  media  is  termed 
the  filtrate. 

For  straining  syrups,  oils,  and  similar  fluids,  filter-bags  of  flannel 
or  felt  are  admirably  adapted,  as  they  permit  a  rapid  passage  of  the 
liquid  and  effectuafly  retain  all  solid  matter;  such  filter-bags  are 
of  conical  shape  (see  Figs.  114  and  115),  and  are  readily  made,  of 
plain  or  Canton  flannel,  by  folding  over  a  square  piece  in  the 
manner  indicated  in  Fig.  116,  the  line  cd  being  laid  over  the  line  ca 
and  united  by  a  seam ;  the  bag  thus  formed  is  pointed  at  c  and  open 
from  a  to  6,  the  line  ac  being  lapped  over  to  form  the  seam.  The 
long  end  projecting  toward  the  point  b  beyond  the  dotted  line  rf 
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should  be  removed,  and  four  loops  of  heav^  cord  or  tape  attached 
after  tlie  edge  haa  been  turned  over ;  the  lo<n»s  will  serve  to  suspeod 
the  filter-bag  properly  in  a  square  or  round  frame,  as  shown  in  Fig. 
117.     For  some  purposes,  as  the  straining  of  dense  saline  solutions  or 

Fio.  114.  Fig.  115. 
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the  washing  and  draining  of  bulky  precipitates,  a  square  cotton  cloth 
may  be  stretched  over  a  square  frame  called  a  lenaatlum,  as  shown  in 
Fig.  118;  for  smaller  operations,  such  as  straining  infasioos  or 
decoctions,  the  cloth  strainer  may  be  fastened  over  a  funnel  by  means 
of  wooden  pincboocks,  and  when  it  becomes  necessary  tu  strain  with 
expression  the  ends  of  the  strainer  must  be  folded  over  and  twisted 
in  opposite  directions,  as  shown  in  Fig.  1 19.  A  kind  of  cotton  cloth 
known  as  cheese-cloth  is  preferred  by  many  for  Btraioers,  as  it  allows 
liquids  to  pass  rapidly  through  it.  All  strainers  should  be  well 
wetted  inst  before  they  are  used,  and  those  containing  sizing  should 
be  freed  from  the  same  by  washing  with  hot  water  before  they  are 
put  into  use.  For  use  at  the  dispensing  counter  in  straining  solu- 
tions, a  pledget  of  absorbent  cotton  placed  in  the  throat  of  a  funnel 
will  be  found  very  convenient  and  serviceable ;  and  as  nearly  every 
solution  prepared  is  likely  to  contain  some  specks  and  motes,  this 
little  operation  should  never  be  neglected. 

Some  years  ago  a  very  serviceable  oil  filter  was  devised  by  William 
R.  Warner,  which  possesses  the  advantage  of  filtration  under  press- 
are,  and  is  equally  well  adapted  to  syrups  (see  Pig.  120).  The 
upper  cylindncal  vessel  of  tinned  iron  is  22  inches  high  and  10 
incnes  in  diameter,  with  a  flanch  rim  soldered  on  the  oottom,  of 
rather  less  diameter  and  1  inch  wide,  so  as  to  fit  firmly  into  the  open 
top  of  another  cylindrical  vessel,  B,  of  the  same  diameter,  18  inches 
high.  The  upper  vessel  is  furnished  with  a  Hd  and  with  an  L-shaped 
tube  and  stopcock,  c,  which  penetrates  the  side  close  to  the  bottom, 
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and  fits  into  another  tube,  (f,  at  e,  which  tube  opens  into  the  lower 
Fio.  llfi.  Flo.  117. 


Fio.  118. 
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vessel  close  to  its  base,  and  is  further  secnred  to  B  by  a  tubular  stay. 
Tbe  Glterii^  medium  is  a  cone  of  hat  felt,  projecting  upward  from 


^boBlncih^DiaDwro/  f;,>>diDsa^cz)n^u(  tannel  ot  doth  Mnliicrm. 

r  tbe  U'tioni  of  the  lower  ve^s^l.  and  secured  in  place  by  thumb- 
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screws  passing  through  two  tinned-iron  rings  and  the  felt,  which  are 
all  properly  pierced  tor  that  purpose.  The  stopcock  c  being  closed, 
the  upper  vessel  is  fitted  in  its  place,  and  the  tube-joint  e  rendered 
tight  by  wrapping  with  isinglass  plaster;  when  this  is  dry,  the 
upper  ves^l  is  filled  with  the  liquid  to  jbe  filtered,  and  the  stopcock 
c  opened.  The  filtered  liquid  as  it  accumulates  in  B  should  be 
drawn  off  at  /,  and  if  convenient  the  ^apparatus  should  be  kept  in 
a  temperature  of  about  50''  C.  (122^  F.),  in  order  to  facilitate  the 
flow  of  the  liquid. 

Complete  separation  of  fine  suspended  matter  from  fluids  can  best 
be  effected  by  means  of  filtration  tnrough  paper ;  only  unsized  paper 
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Fig.  121. 
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A  plain  filter. 

should  be  used,  the  best  kind  bein^  that 
made  from  cotton  and  linen  rags,  although 
paper  made  from  woollen  material  is 
tougher,  and,  being  more  porous,  permits 
more  rapid  filtration.  The  square  sheets 
of  filtering  paper,  which  at  one  time  were 
the  only  style  to  be  had,  are  rarely  used 
now,  since  ready-cut  round  filters  can  be 
had  of  all  sizes  and  qualities.  Two  kinds 
of  paper  filters  are  used,  the  plain  and  the 
plaited,  the  construction  of  which. is  very 
simple,  and,  when  once  properly  under- 
stood, never  forgotten.  The  chief  advan- 
tages of  plain  filters  are  the  simplicity  of  construction  and  the  fact 
that  they  are  admirably  adapted  for  collecting  the  solid  matter  sus- 
pended in  the  fluid,  which  is  afterward  to  be  removed  from  the  paper 
for  further  use ;  on  the  other  hand,  filtration  proceeds  far  less 
rapidly  in  a  plain  than  in  a  plaited  filter,  because  the  paper  lies  flat 
against  the  sides  of  the  funnel,  and  the  liquid  passes  through  only 
at  the  point  or  apex.  Plain  filters  are  made  by  doubling  a  circular 
piece  of  filtering  paper  upon  itself,  and  then  folding  this  directly  in 
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the  middle ;  by  now  opening  the  folds  in  such  a  manner  that  one 
sector  or  division  shall  appear  od  one  side  and  three  Bectora  on  the 
other  side,  a  perfect  cone  will  be  obtained,  as  shown  in  Fig,  121, 
which  will  exactly  fit  into  a  properly  shaped  funnel. 
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Dtagmn  fiirm»Uiigui  economlol  pUlo  flllcr,  according  M  E-  ClaneQ'i  dlteeUom. 

The  waste  of  paper  which  is  caused  by  this  method  of  folding  a 
plain  filter,  where  tliree  thicknesses  of  paper  are  found  on  one  side 
of  the  SIter  and  but  one  thickness  on  the  other  side,  may  be  avoided 
by  following  the  suggestions  of  £do  Classen,  which  are  ae  follows : 


To  make  a  plain  filter,  of  single  thickness,  which  will  fit  a  funnel 
having  an  angle  of  60  degrees,  use  a  piece  of  filter  paper  in  the  shape 
of  a  semi-ellipse,  as  shown  in  Fig.  122,  the  line  AB  being  one-fiftii 
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longer  than  the  line  AC  or  AD.  Fold  the  paper  in  the  centre  so 
that  one-half  exactly  covers  the  other;  next  fold  the  shorty  straight 
side  over,  so  that  both  straight  sides  shall  be  of  the  same  length. 
Additional  security  against  leakage  will  be  obtained  if  the  strip 
last  folded  is  again  folded  upon  itself,  preferably  toward  the  inside. 


Fig.  124. 


In  order  to  strengthen  the  weakest  point  of  the  cone,  a  smaller 
round  filter  may  be  placed  on  the  outside  of  the  larger  filter  and 
folded  with  the  same ;  oi:  one  plain  filter  may  be  placed  inside  of 
another,  so  that  even  thicknesses  of  paper  shall  be  on  all  sides. 


Fio.  125. 


The  construction  of  a  plaited  filter  is  more  readily  demonstrated 
than  explained ;  the  simplest  plan  is  to  proceed  as  follows :  Fold  a 
circular  piece  of  filtering  paper  twice,  after  the  manner  directed 
above  for  a  plain  filter ;  tnis  gives  creases  AB,  AC,  and  AD  (see 
Fig.  124). 

Next  fold  the  crease  AC  over  on  AB,  and  the  crease  AD  over 
on  AB  ;  this  causes  the  creases  AE  and  AF  (see  Fig.  124). 
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Now  fold  the  crease  AC  over  on  AF,  the  crease  AD  over  on 
AE,  the  crease  AC  over  on  AE,  and  the  crease  AD  over  on  AF ; 
this  causes  the  creases  AG,  AH,  AI,  and  AK  (see  Fi?.  125). 

The  semicircle  is  now  divided  into  8  sectors,  all  creases  being 
in  the  same  direction  ;  to  complete  the  filter  it  is  necessary  to  divide 
each  sector  into  two  by  making  a  crease  in  a  direction  opposite  to 
those  already  made — ^thus  (see  Fig.  126) : 


Fig.  126. 


Showing  the  creases  of  a  plaited  filter. 
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Fold  the  triangle  ACT  back  upon  itself;  this  causes  the  crease  AL. 
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If  the  filter  now  be  opened,  it  will  be  found  divided  into  32 
sectors,  2  of  which,  ACL  and  A  DP,  opposite  each  other,  show  both 
edges  pointing  in  the  same  direction  (see  Fig.  127);  to  prevent 
these  2  sectors  from  lying  flat  against  the  glass  when  the  filter  is 
placed  in  the  funnel,  they  should  be  again  divided  by  placing  the 
index  finger  in  the  centre  and  bringing  the  edges  up  with  the  thumb 
and  second  finger,  thus  forming  two  new  creases  inward,  AU  and 
AV  (see  Fig.  128).  In  plaiting  a  filter,  care  must  be  observed  that 
the  creases  be  not  pressed  too  firmly  down  to  the  verj'  point,  as  this 
has  a  tendency  to  rupture  the  paper,  or  at  least  to  weaken  it  mate- 
rially. The  plaited  filter,  when  completed  and  ready  for  use,  is 
divided  into  34  sectors,  and  appears  as  shown  in  Fig.  129. 

The  points  of  paper  filters  may  be  toughened  or  strengthened  by 
dipping  them  into  strong  nitric  acid  of  1.42  sp.  gr.,  and  then  wash- 
ing well  with  water  to  remove  excess  of  acid ;  while  a  similar  treat- 
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meat  with  sulphuric  acid  converte  unsized  paper  iato  parchmeut 
paper,  which  is  impervious  to  water.  Nitric  acid  simply  toughens 
the  paper,  but  in  do  wise  interferes  with  the  absorption  and  passage 


«f  fluids  through  it,  though  its  power  of  resistance  is  increased  ten- 
fold bv  this  treatment. 

When  the  object  of  filtration  ia  to  obtain  a  clear  fluid  irrespective 


A  complete  plaited  niter.  A  properlf  shaped  gtsBS  ftinnel. 

^>f  the  solid  matter  removed,  a  plaited  filter  ia  always  to  be  pre- 
ferred to  a  plain  one,  as  it  exposes  the  entire  surface  of  the  paper 
to  the  liquid  and  allows  the  latter  to  pass  through  very  rapidly. 
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Glass,  porcelain,  or  metallic  funnele,  inteoded  as  eupporte  for 
paper  filters,  should  be  uf  the  shape  shown  in  Fig.  130,  having 
straight  sides  at  an  an^le  of  60  degreea  to  each  other,  and  the  end  of  the 
tube  being  cut  off  obliquely,  so  as  to  compel  the  liquid  to  flow  from 
one  point  only ;  when  used  over  a  jar  or  beaker  it  is  well  to  place 
the  lower  end  of  the  funnel  in  contact  with  the  side  of  the  vessel, 
thus  preventing  any  annoyance  from  splashing  of  the  liquid.  In 
order  to  provide  for  the  necessary  escape  of  air  from  the  receiving 
vessel,  whenever  a  funnel  is  placed  in  a  bottle  a  piece  of  twine  or  a 
strip  of  paper  should  be  placed  between  the  neck  of  the  bottle  and 
the  tube  of  the  funnel,  the  end  of  which  should  invariably  project 
below  the  neck  of  the  bottle. 

When  a  paper  filter  is  placed  in  a  funnel,  it«  upper  edges  should 
never  quite  reach  to  the  nm  of  the  funnel  (better  ^  inch  oelow),  eo 

Fio.  131.  Fia.  182. 


Huiner  of  pouring  Uquldi  loto  ■  fllMr  with  the  ita  of  i  fnldlng'iod. 

as  to  allow  the  funnel  t«  be  covered  with  glass  or  sheet-rubber,  for 
the  purpose  of  keeping  out  dust  and  preventing  evaporation ; 
besides,  if  the  filter  projects  b^ond  the  funnel,  considerable  liquid 
will  be  drawn  to  the  upper  edges,  owing  to  the  capillarity  of  the 
pai)er,  and  evaporated,  thus  entailing  a  loss.  In  pouring  a  liquid 
into  a  filter,  it  should  never  he  allowed  to  fall  in  a  stream  upon  the 
apex  or  point,  which  is  likely  to  break  from  the  sadden  force,  but 
should  be  directed  against  the  side  by  means  of  tt  guiding-rod,  as 
shown  in  Figs.  131  and  132. 

To  insure  a  continuous  supply  of  liquid  to  the  filter,  a  bottle 
containing  the  fluid  may  be  inverted  over  the  funnel  in  the  manner 
shown  in  Fig.  109,  for  aupplving  menstruum  to  a  percolator. 

For  filtration  of  very  volatile  liquids,  a  glass  tube,  bent  as  in 
Fig.  133,  may  be  placed  under  the  filter  against  the  aide  of  the 
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funnel ;  the  twisted  end  will  prevent  the  tube  from  clipping  down, 
and  air  from  the  receiving-lwttle  can  readily  pass  up  through  the 
tube,  which  should  reach  a  little  above  the  paper  filter.     The  funnel^ 
which  should  pass  air-tight  through  a  cork,  must  also 
be  closed  hermetically  at  the  top.  Fio- 133. 

Occasionally  the  filtration  of  substances  which  are 
not  fluid  at  ordinary  temperature  becomes  necessary, 
snch  as  mutton  suet,  wax,  petrolatum,  ointments,  etc. ; 
this  can  be  eSected  either  by  means  of  a  hot-air  funnel 
or  a  wat«r-bath  funnel.  When  hot  air  is  to  be  used, 
the  funnel  containing  a  filter  is  suspended  by  means 
of  poroelain  strips,  in  a  heavv  tin  jacket,  which  is  sur- 
rounded by  a  copper  cylinder,  and  heat  is  supplied 
from  a  circular  low-power  burner,  as  shown  in  Fig. 
134,  the  heated  air  continually  circulating  around  the 
funnel.  The  water-bath  funnel  consists  of  a  glass  fun- 
nel surrounded  by  a  double  tin  or  copper  jacket,  as 
shown  in  Fig.  135;  the  opening,  a,  at  the  top  of  the  "JSlwd^Q*"" 
jacket  is  for  the  purpose  of  introducing  hot  water,  and 
the  projecting  tube,  c,  near  the  bottom,  for  maintaining  the  heat  of 
the  water  by  means  of  a  spirit  lamp  or  gas  jet.  Tne  projecting 
rim,  e,  is  intended  to  prevent  any  water,  running  over  at  a,  from 


^ 


Bot-aJr  (DDnel.  IL.  Mitik.) 


}(  hotiT&ter  funnel  with  ci 


entering  the  bottle  or  vessel,  in  the  mouth  of  which  the  neck  of  the 
ftinnel  may  be  placed.    The  substance  to  be  filtered  should  first  be  ' 
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completely  melted  and  then  poured  into  the  filter  contained  in  the 
previoufjly  heated  funnel,  which  must  be  kept  covered  to  avoid  lou 
of  heat. 

Fio.  136.  Fig.  137. 


BIchatd'i  diter  pamp. 


Chapinu)'!  filter  pump. 


The  rate  of  filtration  of  a  liqaid  can  be  greatly  increased  by  ex- 
hausting the  air  from  the  funnel-tube  and  receiving-bottle,  thereby 


's  glftsa  filter  pump. 


Portable  flltei  pump,  wl 


increasing  the  atmospheric  pressure  above  theliquid;  the  necessity  for 
this  operation  occurs  more  frequently  in  the  analyst's  laboratory  than 
with  pharmacists,  yet  an  acquaintance  with  the  apparatus  enaployed 
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is  desirable.     The  exhaustion  of  the  air  is  effected  by  means  of  an 
aspirator  coDoected  with  a  water-supply  and  with  the  receiving- 
bottle  by  rubber  tubing.     Figs.  136,  137,  138,  and  139  represent 
diOerent  styles  of  filter  pumps ;  as 
seen  in  two  of  the  illustrations,  sue-  Fro.  140, 

tion  of  air  is  produced  by  forcing 
water,  under  pressure,  through  a  con- 
tracted apace  which  communicates 
with  the  air  to  be  aspirated.  The 
internal  construction  of  the  pump 
shown  in  Fig.  139  is  similar  to  that 
of  the  other  two,  but  the  water  which 
enters  at  w  is  discliai^ed  at  D  on  the 
side ;  hence  this  apparatus  can  be 
used  at  any  desired  point,  beine  con- 
nected by  means  of  tubing  with  the 
water-supply  and  sink :  with  air- 
tight connections  a  nearly  absolute 
vacuum  can  be  obtained,  as  may  be 
seen  from  the  indications  of  the 
manometer  attached  to  the  top  of 
the  pump.  Whenever  filter  pumpe 
are  used,  the  pressure  on  the  liquid 
filtering  becomes  so  great  as  to  en- 
danger the  safety  of  the  filter  point ; 
an  extra  support  is  therefore  pro- 
vided in  the  shape  of  a  finely  per- 
forated platinum  cone  set  in  the 
throat  of  the  funnel  in  which  the 
paper  cone  is  placed. 

When  an  aspirator  or  filter  pump 
is  used  in  connection  with  water 
drawn  from  the  city  supply,  a 
very  annoying  accident  sometimes 
happens  when  the  water  pressure  is 
suddenly  reduced,  or  when  the  pump 
is    cut    off,   namelv,    a   portion  of     ,  "'S^KS'pp*™";':,  ;»V*'^^"7J1['' 

,'  - ',  r  lai^  bottles  connecled,  U  iDdlcaWa  In 

water  is  drawn  up  into  the  vessel  thedr^wlnK.  bj  «  nsrrow  milla-rubber 
e     _         u-    u     •L  ■      •      1     ■  ■         lube  with  ihloVwBlta.    The  upper  botiEe 

irom  which  the  air  is  being  aspi-  shauidbopiBcedMhigii  u  ponibie.  <? 
rated;  tliie  can  be  guarded  aeainst  ^.'^i^^'Xrior"  Mhll"!.  in"™nne^ 
by   interposing  anooier   vessel    be-     i'^XL"'.''^ '/''.t''/'""'?  fS*' j- 

J  r  t>  ,  Inlothe«topperorctheftinnelel«  flied- 

tween   the  pump  and  the  aspirat«d     »nd  «t  itiipei  n™  a«niaup«r(braied 

,  t^        '  *^  plBlinum  cone,  /,  which  supporW  the 

vessel.  apei  or  the  nitet  when  the  Interior  of  c 

For  rarefying  the  air  under  fil-     or^?w"^;Hnt"n'S'6*'^  '^^  dtaoh.rr. 
ters    when   water    pressure    is   not 

available,  a  simpler  contrivance  may  be  resorted  to,  as  shown  in 
Fig,  140;  the  water  flowing  from  the  upper  to  the  lower  bottle 
withdraws  air  from  tiie  receiving-flask,  and  by  simply  changing  the 
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bottles  when  tbe  upper  ooe  becomes  empty  the  operation  may  be 
coutinued  for  any  length  of  time,  the  air-tube  being  cloeed  by 
means  of  a  pinchcock  while  the  bottles  are  being  changed.  Ordi- 
nary 5-gaIlon  castor-oil  cans  may  be  conveniently  used  in  place  of 
bottles. 

The  turbidity  of  some  liquids  is  caused  by  suspension  of  matbir 
in  so  finely  divided  a  form  that  its  removal  cannot  be  effected 
by  the  ordinary  methods  of  filtration,  and  recourse  must  be  bad 
to  the  interposition  of  some  other  substance  to  render  the  liquid 
perfectly  transparent  and  clear ;  in  such  cases  paper  pulp,  calciuni 
phosphate,   and    purified    talcum    form    excellent  filtering   media. 


Olui  aepantor  (funnel  ahape). 


GUn  up&ntoT  {globe  ibape). 


Paper  pulp  is  readily  prepared  from  scraps  of  filtering  paper  by 
treating  thera  with  hot  water  in  a  mortar  or  with  active  agita- 
tion in  a  bottle.  "When  the  paper  has  become  thoroughly  pulped 
the  excessive  moisture  may  be  removed  by  expression  in  a  clean 
cloth,  after  which  the  pulp  may  be  added  to  the  liquid  to  be  filtered 
and  thoroughly  incorporated  by  agitation.  The  finely  divided 
pulp  forms  a  layer  on  the  surface  of  the  filter  which  effectually 
prevents  the  passage  of  minute  particles  of  insoluble  matter  by 
absorbing  these  into  its  own  fibre.  For  acid  liquids,  finely  shredded 
asbestos  is  preferable. 

Immiscible  liquids  can  be  conveniently  separated  from  each  other 
by  pouring  the  mixture  into  specially  constructed  apparatus  known 
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«8  separators  or  separatory  fuoDels  (see  Figs.  141  and  142),  and  after 
tbe  liquids  have  separated  iQto  distinct  layers  by  reason  of  their 
different  specific  gravities,  withdrawing  the  lower  liquid  by  carefully 
opening  the  stopcock  in  the  tube  and  allowing  it  to  flow  into  a  suit- 
able receiving  vessel. 

DEOANTATION. 

Decantation,  or  the  process  of  pouring  a  fluid  gently  from  one 
vessel  to  another,  is  employed  in  pharmacy  more  particularly  in  oon- 
oection  with  the  washing  of  precipitates  ;  sometimes  it  is  resorted  to 
for  the  separation  of  immiscible  liquids,  but  separation  in  such  a 
«sse  can  never  be  so  complete  as  by  the  method  explained  above. 

All  precipitates  when  freshly  obtained  by  double  decomposition  of 
two  soluble  substances,  are  more  or  less  contaminated  with  a  solution 
of  the  other  newly  formed  salt ;  to  remove  such  impurities  the  process 
of  washing,  which  consists  in  treating  the  precipitate  repeatedly  with 
freah  portions  of  water,  is  employed.  Thus,  wnen  solutions  of  lead 
nitrate  and  potassium  iodide  are  mixed,  the  newly  formed  lead  iodide 
is  deposited,  while  potassium  nitrate  remains  in  solution,  and  must  be 

Fio.  143. 


DecaDtatlon  with  kid  of  ■  glua  nd. 

removed  before  the  precipitate  can  be  dried.  The  thorough  washing 
of  precipitates  is  a  very  important  operation,  which  may  be  performed 
by  continued  treatment  with  water  on  filters  and  cloth  strainers,  or 
by  allowing  the  liquid  in  which  the  precipitate  was  formed  to  settle 
completely  in  suitable  vessels,  decanting  the  clear  supernatant  fluid, 
adding  successive  portions  of  fresh  water,  and  again  decanting  aAer 
each  settlement ;  it  is  essential  that  the  fresh  water  and  precipitate 
be  well  mixed  by  stirring  or  agitation  after  each  addition. 
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The  decantation  of  a  fluid  is  not  always  so  simple  an  oi)eration  as 
it  may  seem ;  the  shape  aod  size  of  the  vessel  from  which  the  liouid 
is  to  be  poured,  the  nature  of  the  liquid  and  the  height  to  wbieh  it 
fills  the  vessel,  all  influence  the  flow  of  the  liquid.  When  the  fluid 
to  be  decanted  is  water  or  an  aqueous  solution,  and  the  vessel  is  not 
very  lai^,  either  with  or  without  a  lip,  the  simplest  plan  is  to  transfer 
the  liquid  with  the  aid  of  a  glass  rod,  as  shown  in  Fig,  143.  The 
guiding-rod  prevents  the  splitting  of  the  current  of  tiie  liquid,  to 
which  is  due  the  well-known  phenomenon  of  liquids  ninningback  on 
the  sides  of  tlie  vessel  from  wliich  they  are  poured.  When  the  vessel 
from  which  the  liquid  is  to  be  poured  is  too  large  or  too  full  of  liquid 
to  admit  of  decantation  with  the  aid  of  a  glass  rod,  the  liquid  may 
be  made  to  flow  in  a  somewhat  contracted  but  solid  stream  by  greasing 
the  rim  of  the  vessel  with  a  little  resin  cerate,  which  prevents  adhe- 
sion of  the  liquid  to  the  elass  and  enables  the  force  of  cohesion  to 
keep  the  particles  of  liquid  united  ;  Fig.  144  illustrates  the  operation. 


DaouiMtlon  wtUi  aid  of  >  giey«d  tim. 

Sometimes  an  instrument  called  a  siphon  is  employed  to  draw  off 
the  supernatant  liquid  from  a  precipitate,  the  method'  being  particu- 
larly desirable  if  the  precipitate  is  light  and  easily  disturbed  by 
handling  the  vessel ;  the  simple  construction  of  a  siphon  is  shown 
in  Figs.  145  and  146.  The  two  limbs  of  the  glass  tube  are  of 
unequal  length,  the  shorter  one  being  immersed  in  the  liquid  ;  it  is 
manifest  that  If  the  air  be  entirely  withdrawn  from  the  tube  by 
suction,  the  liquid  will  rise  and  fill  the  tube,  owing  to  the  pressure 
of  the  atmosphere  on  the  surface  of  the  liquid.  The  flow  of  the 
liquid,  having  been  started,  will  continue  by  reason  of  its  downward 
tendency  or  gravitation  aided  hy  atmospheric  pressure,  until  the  liquid 
falls  below  the  mouth  of  the  shorter  limb,  or  until  it  rises  in  tba 


SEPARATION  OF  NON-VOLATILE  MATTER. 


161 


receiving  vessel  to  the  level  of  the  liquid  in  the  vessel  from  which  it 
flows.    A  plain  rubber  tube  may  often  be  used  with  advantage  as  a 


Fig.  145. 


Fig.  146. 


Plain  siphon. 


Glass  siphon  with  lateral  suction  tube. 


siphoDy  remembering  that  the  end  of  the  tubine  out  of  the  liquid 
should  always  reach  lower  than  that  in  the  liquid^  so  as  to  insure  a 
continuous  flow. 

OLARIFIOATION. 

Clarification  is  a  process  of  separation  designed  to  render  cloudy 
or  turbid  liquids  transparent  by  means  other  than  those  thus  far  con- 
sidered ;  it  is  generally  effected  through  the  agency  of  heat ;  in  every 
instance,  however^  the  separated  disturbing  element  must  subse- 
quently be  removed  by  filtration  or  decantation.  The  viscid  character 
of  some  liquids  renders  the  various  methods  of  filtration  impracti- 
cable ;  whereas  the  mere  application  of  heat,  by  increasing  their 
fluidity^  enables  the  suspended  particles  of  solid  matter  to  separate 
spontaneously,  some  rising  to  the  surface  while  others  sink  to  the 
lK)ttom  ;  if  the  liquid  be  allowed  to  remain  at  perfect  rest  while 
separation  is  going  on,  the  lighter  particles  will  form  a  layer,  which 
can  oflen  be  completely  removed  with  the  aid  of  a  skimmer,  while 
the  heavy  sedimentary  matter  is  readily  retained  on  a  cloth  strainer. 
Honey  and  balsam  of  fir  may  be  treated  in  this  manner.  Saline 
solutions  concentrated  for  the  purpose  of  crystallization  are  fre- 
quently contaminated  with  dust  and  other  foreign  matter  which 
passes  freely  through  cloth  and  paper  filters ;  they  may  be  readily 
clarified  by  adding  paper  pulp  (see  page  158),  which  effectually  re- 
moves the  fine  particles  of  dirt,  from  the  boiling  liquid,  by  enveloping 
them  in  its  own  fibre  and  retaining  them  on  the  strainer. 

Other  substances  added  to  turbid  liquids  in  order  to  effect  clarifi- 
cation are  egg-albumen,  gelatin,  and  milk.  White  of  egg,  or  albu- 
men, possesses  the  property  of  coagulating  or  solidifying  when  heated 
to  about  80°  C.  (176°  F.),  therefore  when  it  is  added  to  liquids  and 
then  heated,  any  solid  matter  impairing  the  transparency  of  the  liquids 
11 
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will  be  enclosed  in  the  coagulum  formed,  and  can  then  be  removed 
by  straining ;  some  vegetable  solutions  prepared  with  cold  aqueous 
menstrua  contain  albuminous  matter  originally  present  in  the  dnig, 
which,  upon  heating  to  the  boiling-point,  is  coagulated,  and  is  thus 
gotten  rid  of,  as  in  the  case  of  extract  of  gentian.  Albumen  is 
preferably  mixed  with  a  little  water  before  adding  it  to  the  liquid  to 
be  clarified,  and  then  thoroughly  incorporated  with  it  before  heating. 
Since  albumen  forms  insoluble  compounds  with  some  plant  constitu- 
ents, it  must  be  judiciously  employed,  lest  the  active  principles  con- 
tained in  a  liquid  be  removed  by  it.  When  the  turbidity  of  a  liquid 
is  due  to  tannin,  gelatin  is  generally  preferred  as  a  clarifying  agent ; 
it  is  used  like  albumen,  and  forms  insoluble  tannate  of  gelatin,  or 
leather.  Milk  is  especially  adapted  to  clarifying  acid  liquids,  as  the 
casein  of  the  milk  is  coagulated  by  the  acid,  and  thus  the  impurities 
are  removed  by  becoming  enveloped  in  the  coagulum. 

Clarification  of  liquids  may  also  be  effected  by  subsidence  and 
fermentation ;  the  former  is  often  applied  to  fixed  oils,  which  are 
allowed  to  remain  undisturl)ed  in  tightly  closed  containers  for  some 
time,  so  that  albuminous  matter  derived  from  the  seed  may  gradu- 
ally separate  and  settle  to  the  bottom.  Fruit  juices,  as  a  rule,  con- 
tain certain  principles  which  tend  to  render  them  cloudy  and 
unsightly,  but  which  can  be  removed  by  fermentation  at  a  moderate 
temperature,  about  20°  C.  (68°  F.) ;  the  matter  thus  separated  set- 
tles to  the  bottom  and  the  clear  liquid  may  be  drawn  off  by  means 
of  a  siphon  or  otherwise. 

DECOLORATION. 

Decoloration,  as  the  name  indicates,  is  a  process  for  the  removal 
of  color  from  liquids,  and  is  practised  on  a  large  scale  in  sugar 
refineries.  For  pharmaceutical  purposes  it  is  chiefly  confined  to 
solutions  of  organic  acids,  alkaloids,  and  neutral  principles.  The 
most  effective  decolorizing  agent  is  animal  charcoal,  made  either 
from  bone  or  blood ;  ordinary  bone-black  requires  purification  by 
means  of  hot  hydrochloric  acid,  whereby  certain  lime-salts  are 
removed.  Animal  charcoal  is  preferably  used  in  a  granular  condi- 
tion, and  its  utility  as  a  decolorizer  depends  upon  its  porosity ; 
unfortunately,  charcoal  absorbs  also  other  matters  hold  in  solution 
besides  color,  and  this  may  occasion  loss  of  valuable  constituents 
unless  the  charcoal  is  subsequently  washed  with  fresh  menstruum. 
The  usual  method  of  employing  animal  charcoal  is  either  by  digest- 
ing it  with  the  liquid  to  he  decolorized,  or  by  allowing  the  latter  to 
percolate  slowly  through  a  column  of  the  charcoal ;  in  the  former 
case  the  liquid  requires  subsequent  filtration. 

EXPRESSION. 

Expression  is  a  process  of  separation  which  requires  the  exercise 
of  more  or  less  force,  since  it  is  employed  in  those  cases  where  the 
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amouQt  of  liquiil'  is  small  compared  with  the  quantity  of  solid 
matter  to  be  removed  ;  as,  for  instance,  in  the  preparation  of  fruit 
juices,  the  expression  of  macerated  druffs,  or  the  recovery  of  men- 
struum  that   may  liave  been  retained  by  the  marc  in  percolation 


Tincture  pren  (vertical). 


■when  water  feils  to  force  it  through.  For  the  purposes  of  the  phar- 
macist, the  tincture  press,  Fig.  147,  and  the  Enterprise  press.  Fig. 
148,  will  be  found  very  serviceable ;  in  the  former  the  sunstance  to 
be  expressed,  having  been  put  into  a  suitable  canvas  or  press-cloth 


EoterpriM  picu  (hoiiniDtel). 


bag,  is  placed  on  a  perforated  disk  in  a  porcelatn-lined  iron  cylinder, 
pressure  being  produced  by  means  of  a  lever-screw  bearing  upon  a 
plate  on  top  oi  the  bag.     The  expressed  liquid  flows  out  through 
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the  lip  attached  to  the  cylinder.  The  Enterprise  press  is  operated 
without  the  use  of  prese-cloths,  the  material  to  be  expreseea  being 
fed  directly  into  the  hopper  communicatine  with  a  tapering  cylinder 
containing  a.  lai^  screw,  the  thread  of  which  gradually  dimiDishes 
in  size  toward  the  smaller  end ;  the  cylinder,  is  provided  with  a  per- 
forated plate  in  the  bottom,  and  the  material  is  compressed  hy 
means  of  the  tapering  screw,  which  is  turned  with  a  crank.  Tlie 
dry  residue  is  discharged  through  an  o}>eniug  in  tlie  small  end  of 
the  cylinder,  and  the  liquid  expressed  flows  out  through  the  per- 
forated plate. 

Another  method  of  separation  is  that  effected  by  means  of  cen- 
trifugal machines,  which  are  extensively  employed  in  manufacturiae 
establishments   for  washing  and 
Flo.  149.  drying  crystals  as   well  as  for 

moist- 
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CentiifDEal  ■eparatot  with  cover  (for  hand  pmver). 

tube  at  the  bottom,  through  which  the' liquid  coming  from  the 
inner  cylinder  is  allowed  to  flow  out;  sometimes  the  perforate*! 
sides  of  tlie  inner  cylinder  are  covered  with  bolting-cloth,  according 
to  the  substance  to  be  operated   upon,  and  the  rotary  motion  is 
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imparted  to. the  cylinder  from. below  by  means  of  steam  power.   The 
value  of  centrifugal  machines  depends  upon  the  velocity  with  which 
the  material  to  be  centrifugalized  is  hurled  around  and  against  the 
perforated  sides^  the  revolutions  usually  numbering  as  high  as  2000 
or  3000  and  even  more  per  minute ;  the  strone  draft  of  air  created 
between  the  walls  of  the  inner  and  outer  cj'linders  by  such  rapid 
revolution  effects  drying  of  the  material  more  thoroughly  than  is 
possible  by  expression  or  other  means.     The  use  of   centrifugal 
machines  is  based  on  the  well-known  laws  of  motion  and  inertia^ 
according  to  which  a  body  put  in  motion  continues  in  a  straight  line 
unless  turned  from  its  path  by  some  external  force,  and  thus  liquids 
can  readily  be  separated  from  solids  when  a  mixture  of  the  two  is 
dashed  against  a  finely   perforated   surface.     In   suear  refineries 
centrifugalizing  is  the  only  suitable  method  known  &r  separating 
the  granulated  sugar  from  the  viscid  mother  liquor  or  molasses. 
For  special  use  in  the  pharmacist's  l^boratoiy,  small  centrifugal 
machines,  to  be  operated  by  hand,  have  been  devised;  the  outer 
cylinder  is  usually  made  of  enamelled  iron,  while  the  inner  perfor- 
ated cylinder  is  made  of  porcelain ;  those   in   which   motion  is 
supplied  from  above  are  frequently  provided  with  a  cover  for  the 
inner  cylinder,  while  in  those  operated  from  below  a  cover  is  fitted 
to  the  outer  cylinder.     In  Figs.  149  and  150  are  shown  two  styles 
of  hand-power  machines. 

DIALYSIS. 

Dialysis  is  a  pi'ocess  of  separation  which  differs  entirely  from 
those  considered  thus  far,  in  not  aiming  at  the  removal  of  insoluble 
matter  suspended  in  a  liquid,  but  at  bringing  about  a  separation 
between  solvents  and  matter  held  bv  them  in  solution ;  also  between 
different  kinds  of  matter  held  in  solution  by  the  same  solvent.  It 
is  a  practical  application  of  the  principle  of  osmosis,  and  is  due 
solely  to  surface  action  and  the  difierence  in  diffusibility  of  various 
substances.  The  word  dialysis  is  derived  from  the  Greek  diaiueiu, 
to  part  asunder,  to  lose  one  from  another,  and  was  applied  by  Prof. 
Graham,  of  England,  to  the  method  of  separation  devised  by 
him  in  1861.  The  process  consists  in  placing  a  solution  of  the 
substances  to  be  separated  on  a  porous  diaphragm  and  suspending 
this  in  pure  water ;  osmosis  is  established,  and  certain  substances 
will  pass  through  the  diaphragm  into  solution  in  the  water,  while 
others  will  remain  on  the  diaphragm,  the  rapidity  of  diffusion  being 
in  proportion  to  the  strength  of  the  solution  and  increasing  with  the 
rise  in  temperature.  Graham  discovered  that  crystallizable  sub- 
stances pas^  through  the  diaphragm  freely,  while  amorphous 
bodies,  such  as  gums,  starch,  gelatin,  etc.,  either  did  not  diffuse  at 
all,  or  only  very  slowly ;  he  applied  the  name  crystalloid  (resembling 
crystals)  to  all  substances  thus  capable  of  diffusion  through  a 
septum,  and  the  name  colloid  (resembling  glue  or  jelly)  to  those 
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substances  remaining  on  tlie  diaphragm.  All  colloids  are  amor- 
phous or  non-crygtallizable,  but  all  crystalloids  are  not  neceasarily 
capable  of  crystallization,  as,  for  instance,  hydrochloric  acid,  the 
most  highly  diffusible  body,  and  many  others.  By  means  of  dial- 
ysis, sugar  can  be  readily  separated  from  gum  or  starch,  pepsin 
from  peptones,  iron  salts  from  iron  oxide,  etc.  Thus  the  process 
has  become  most  valuable  to  manufacturers,  while  the  analyst  oflen 
finds  dialysis  the  only  means  for  determining  the  presence  of  cer- 
tain substances  in  complex  ve^table  solutions,  as,  for  instance, 
arsenous  acid,  corrosive  mercuric  chloride,  or  potassium  iodide  in 
compound  sarsaparilla  mixtures  and  other  proprietary  medicines, 
where  the  dark  color  and  complex  nature  of  the  solution  preclude 
all  other  methods  of  sepamtion. 

The  apparatus  used  for  dialysis  is  of  very  simple  constructicm, 
as  shown   in   Figs.  151  and  152.     It  consists  of  a  circular  glass 


vessel,  with  flat  bottom  and  of  convenient  size,  also  another  smaller 
circular  but  bottomless  vessel  of  hard  rubber  or  glass,  having  a 
projecting  rim,  over  which  is  stretched  a  piece  of  bladder,  parch- 
ment, or  parchment  paper  (see  page  153^.  The  latter  constitutes 
the  dialyser  proper,  and  into  it  is  poured  tne  solution  to  be  dialyeed, 
to  the  depth  of  about  i  or  ^  inch,  after  which  it  is  floated  in  dis- 
tilled water  contained  in  the  other  larger  vessel.  In  Fig.  152  tlie 
glass  dialyser  is  provided  at  the  top  with  a  broad  rim  which  retts 
upon  the  edge  of  the  outer  vessel,  and  thus  serves  as  a  cover  ti 
protect  the  water  gainst  dust,  etc.  In  place  of  the  foregoing  con- 
venient apparatus,  an  ordinary  clean  hog  or  beef  bladder  may  be 
used ;  the  same  should  be  three-fourths  filled  with  the  solution,  and 
then  suspended  in  a  large  vessel  of  water. 

Diffusion  in  a  dialyser  will  not  take  place  unless  the  porous  mem- 
brane or  septum  is  in  contact  with  water ;  and,  moreover,  its  limit 
will  be  reached  when  the  water  on  tiie  outside  becomes  chaived  with 
such  a  quantity  of  crystalloids  as  to  render  the  strength  of  the  solu- 
tion identical  with  that  in  the  dialyser ;  hence  it  is  necessary  that  the 
quantity  of  water  in  the  outer  vessel  be  much  greater  than  that  of 
tne  liquid  in  the  dialyser,  and  that  it  be  renewed  from  time  to  time. 
The  crystalloids  from  a  10  per  cent,  solution  of  sugar,  salt,  or  hydro- 
chloric acid  will  readily  diffuse  through  a  septum  if  the  latter  is 
placed  in  contact  with  water,  but  no  diffusion  whatever  will  take 
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place  if  the  dialyser  be  floated  in  a  10  per  cent,  solutioo  of  the  same 
substances.  While  the  rate  of  diffusion  varies  greatly  for  different 
substances^  it  was  found  by  Graham  to  be  uniform  for  isomorphous 
bodies — that  is,  those  having  exactly  the  same  crystalline  form. 

The  colloidal,  residue  remaining  on  the  diaphragm  is  termed  the 
dialyaate,  while  the  solution  of  the  crystalloids  that  have  passed 
through  the  membrane  is  known  as  the  diffvsate. 


CHAPTER  X. 

SEPARATION  OF  VOLATILE  MATTER. 

Advantage  may  be  taken  of  the  volatility  of  some  substances 
for  tile  purpose  of  separation,  and  by  their  vaporization  either  of  the 
following  onjectfl  may  be  attained  : 

1.  The  separation  of  a  volatile  liquid  from  a  solid,  with  a  view  to 
retain  the  solid  substance,  or  of  one  liquid  from  another,  to  obtain 
the  less  volatile  ;  in  such  cases  the  process  is  termed  evaporation. 

2.  When  the  separation  of  liquid  and  solid  substances,  by  means 
of  evaporation,  is  carried  to  complete  dryness,  the  process  is  more 
particularly  designated  as  desiccation  or  exmccation, 

3.  The  separation  of  a  volatile  liquid  from  either  a  less  volatile 
liquid  or  a  solid,  in  order  to  obtain  and  preserve  the  volatilized  liquid 
for  future  use ;  the  process  is  then  known  as  distillation. 

4.  The  separation  of  a  volatile  solid  from  either  a  liquid  or  a  solid 
which  ia  more  fixed,  the  object  sought  being  the  volatilized  solid  body ; 
this  process  is  termed  sublimation, 

EVAPORATION. 

In  the  practice  of  pharmacy  evaporation  is  extensively  resorted  to 
for  the  concentration  of  vegetable  and  saline  solutions,  the  latter  with 
a  s|>ecial  view  to  subsequent  crystallization,  and  tlie  laws  which  con- 
trol the  process  should  be  well  understood.  Evaporation  may  be 
divided  into  four  kinds,  namely,  evaporation  over  a  naked  fire,  on 
a  water-bath  or  steam-lmth,  in  a  vacuum  apparatus,  and  spontaneous 
evaporation.  Evaporation  over  a  naked  tire  is  effected  by  the  direct 
radiation  of  heat  from  a  fire,  on  the  bottom  of  an  uncovered  dish  or 
in,  and  is  available  when  the  substance  in  solution  is  not  injured 
»y  direct  heat  or  high  temperature  ;  it  is  usually  employed  for  the 
concentration  of  saline  solutions  for  crystallization,  but  only  when  the 
liquid  to  be  vaporized  is  water.  When  evaporation  at  temperatures 
below  that  of  boiling  water  is  desired,  the  low -temperature  burner 
shown  on  page  81  may  be  used  with  advantage,  by  means  of  which 
continuous  currents  of^  hot  air  may  be  made  to  heat  the  bottom  and 
sides  of  the  dish,  and  yet  actual  c<uitact  of  the  latter  with  the  flame 
be  avoided. 

Evaporation  on  a  water-  or  steam-bath  is  the  method  most  fre- 
quently resorted  to ;  the  latter  can  also  be  employed  for  rapid  concen- 
tration of  solutions  at  a  high  temperature  without  the  danger  of 
injury  from  direct  heat  of  the  fire.  Evaporation  at  temperatures 
below  100"  C.  (212°  F.)  is  effected  on  a  water-bath,  and  is  confined 
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to  the  surface  of  the  liquid ;  this  is  the  method  chosen  for  the  con- 
oentration  of  vegetable  and  other  solutions  liable  to  be  injured  by 
beat  at  or  above  that  of  boiling  water  and  when  more  volatile  sol- 
vents than  water  are  present  Whenever  a  liquid  is  to  be  evapo- 
rated at  a  temperature  below  its  boiling-point,  rapidity  of  evapo- 
ration will  depend  upon  the  extent  of  surface  exposed  to  the  air, 
since  the  formation  of  vapor  takes  place  only  at  the  surface ;  hence 
broad,  shallow  vessels  are  to  be  preferred.  During  the  boiling  of 
liquids  the  rate  of  evaporation  depends  (the  source  of  heat  being 
constant)  entirely  upon  the  extent  of  surface  to  which  heat  is 
applied,  since  the  more  numerous  the  points  of  contact  of  the  vessel 
with  the  source  of  heat  the  more  rapid  must  be  the  formation  of 
vapor,  and  ebullition  is  but  the  phenomenon  of  the  rapid  disen- 
gagement of  vapor  from  the  interior  of  a  liquid. 

Evaporation  in  vacuo,  being  conducted  under  greatly  reduced 
pressure,  is  admirably  adapted  to  the  concentration  of  liquids  hold- 
ing vegetable  matter  in  solution,  but  is  employed  only  in  large 
manufacturing  establishments,  owing  to  the  complicated  and  expen- 
sive apparatus  necessary  for  the  operation;  tne  process  insures 
rapid  evaporation  at  a  low  temperature,  without  the  possibility  of 
injury  from  contact  with  the  air.  In  sugar  refineries  weak  sac- 
charine solutions  are  rapidly  concentrated  in  vacuum  pans  to  avoid 
coloration  and  inversion  of  the  sugar.  For  the  preparation  of  fluid 
and  solid  extracts,  evaporation  in  a  vacuum  apparatus  offers  advan- 
tages not  obtainable  by  any  other  method,  as  a  l6w  temperature  and 
complete  exclusion  of  air  insure  the  retention  of  soluble  matter  in 
its  original  form  as  extracted  from  the  drug.  The  vacuum  appa- 
ratus consists  of  an  air-tight  boiler  connected  with  a  steam-oath 
and  an  air-pump  operated  by  machinery,  for  exhausting  the  air  and 
vapor. 

Spontaneous  evaporation  proceeds  naturally,  without  the  use  of 
external  force,  and  consists  in  allowing  vaporization  to  take  place 
at  the  ordinary  temperature.     It  is  due 
to  diffusion  of  the  vapor  of  the  liquid  Fio.  153. 

into  the  surrounding  atmosphere,  and 
its  rapidity  depends  upon  the  dryness 
and  temperature  of  the  air ;  the  most 
effectual  means  of  promoting  it,  there- 
fore, is  to  allow  a  current  of  warm,  dry         _     ,  _   „  i  ,   ^,  u 

-     /  ,,  /*  n    1  Royal  Berlin  porcelain  dlah. 

air  to  pass  over  the  surface  of  the  evapo- 
rating liquid,  as  this  will  remove  the  superincumbent  air  as  soon  as 
diffusion  into  it  has  taken  place. 

The  most  desirable  evaporating  dishes  for  general  use  are  those 
known  as  Royal  Berlin  porcelain  ware  (see  Fig.  153);  they  resist 
sudden  changes  in  temperature  better  than  other  earthen  vessels, 
and  possess  tne  great  advantage  of  not  being  permeable  by  colored 
fluids.  When  used  over  direct  fire,  a  piece  of  wire  gauze  should  be 
interposed  between  the  flame  and  the  dish,  so  as  to  distribute  the 
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heat  more  uniformly  over  the  bottom  of  the  vessel  and  prevent  the 
flame  from  striking  any  particular  point.  As  gl&ss  and  porcelain 
vessels  are  liable  to  crack  when  suddenly  brought  in  contact  with  a 
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Fig.  155. 


straw  ring  for  supporting  diBhes  and  flasks 


Grommets. 


Fig.  166. 
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cold  surface  after  having  been  heated,  it  will  prove  economical  U> 
place  them  on  straw  rings  or  rubber  grommets  (see  Figs.  154  and 
1 56)  when  hot ;  these  also  serve  admir- 
ably as  supports  to  prevent  tilting 
of  round-bottom  dishes  and  flasks. 
Grommets  are  easily  made  by  form- 
ing rubber  tubing  into  a  circle  and 
uniting  the  ends  by  means  of  a 
wooden  plug;  three  short  pieces  of 
similar  tubing  of  larger  size  are  then 
placed  one  over  the  joint  and  the 
others  at  equal  distances  apart,  which 
arrangement  permits  a  circulation  of 
air  around  the  bottom  of  the  vessel. 
Endmelled  cast-iron  dishes  are  exten- 
sively used,  but,  owing  to  the  non- 
uniform expansion  and  contraction 
of  the  metal  and  enamel,  the  latter  is 
apt  to  crack  and  chip  ofi^,  unless  heat 
be  very  carefully  applied;  the  so- 
called  "  agateware  "  aishes  are  better, 
being  made  of  sheet-iron  and  then 
enamelled.  For  neutral  liquids,  well- 
tinned  copper  pans  may  be  employed ; 
while  for  the  evaporation  of  solu- 
tions of  caustic  soda  or  potassa  silver 
or  perfectly  clean  iron  vessels  are 
necessary. 

Evaporation   of  liquids   in   open 
vessels   is    materially   facilitated   by 

keeping  the  liquid  in  motion,  which  j,^,  mechanical  aUrrer. 

in   small  operations   can  be   readily 
done  by  stirring  with  a  glass  rod  or  porcelain  spatula,  and  on  a  large 
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scale  by  means  of  a  mechanical  stirrer  operated  by  steam  or  water 
ix)wer.  A  simple  form  of  mechanical  stirrer  is  shown  in  Fig.  156 ;. 
it  was  devised  by  John  Moss,  of  England,  and  consists  of  a  1^ 
inch  shaft,  Ay  and  a  hollow  shaft,  -B,  which  readily  slides  over  it. 
These  shafts  are  fastened  together  at  C,  by  means  of  a  pin,  and  are^ 
held  vertically  over  the  centre  of  the  evaporating  pan  by  means  of 
the  brackets,  -D,  attached  to  the  wall.  Power  for  turning  the  shaft 
is  supplied  by  a  band  passing  around  the  grooved  pulley  at  E.  To- 
the  lower  end  of  B  is  attached  a  hard^wood  block,  on  the  opposite^ 
sides  of  which  are  fastened  the  stirring  paddles,  F,  which  can  b& 
set  at  any  desired  angle,  by  means  of  winged-screw  bolts,  as  seen 
in  the  cut.  The  paddles,  which  are  usually  made  of  ash,  may  con- 
sist of  solid  blades,  2  feet  long  by  2^  inches  wide  and  f  inch  thick,, 
but  are  preferably  perforated  with  holes  not  less  than  1  inch  in 
diameter,  which  prevent  the  contents  of  the  pan  from  moving^ 
around  as  a  solid  mass,  and  insure  the  formation  of  currents  of 
different  sizes,  moving  at  different  rates  of  speed,  whereby  evapora- 
tion is  greatly  facilitated. 

Corrosive  vapors  are  sometimes  given  off  during  the  evaporation 
of  acid  liquids ;  to  prevent  these  from  contaminating  the  atmos- 
phere of  tne  store  or  laboratory,  and  also  to  avoid  saturating  the  air 
with  moisture,  evaporation  may  be  conveniently  conducted  under  a 
hood  communicating  with  a  flue.  When  evaporation  is  directed  to- 
be  carried  to  a  given  weight,  a  tared  dish  must  be  used,  the  dish  and 
contents  being  weighed  from  time  to  time  until  the  desired  weight  has. 
been  reache<I.  If  evaporation  is  to  be  carried  to  a  given  volume,  the 
simplest  plan  is  to  measure  the  desired  volume  of  water  into  a  dish 
standing  on  a  level  surface,  then  introduce  into  the  centre  of  the  liquid 
a  thin  stick  of  wood  and  mark  the  height  to  which  the  water  reachea 
— ^the  liquid  to  be  reduced  in  volume  must  he  evaporated  in  this  same 
dish  until  it  stands  at  the  point  indicated  by  the  notch  on  the  stick.. 

DESIOOATION. 

Desiccation,  or  exsiccation,  a  process  of  drying  completely,  is. 
another  method  of  evaporation,  and  is  employed  for  driving  off  the 
moisture  from  v^etabie  drugs,  crystalline  salts,  precipitates,  pills^ 
tablets,  lozenges,  etc.  The  temperature  for  effecting  desiccieition  may 
vary  from  40^  C.  (104°  F.)  to  200°  C.  (392°  F.),  the  heating  being^ 
carried  on  either  in  the  open  kir  on  sand-baths  or  in  closed  compart- 
ments. For  small  operations,  and  when  heat  not  higher  than  100°  C. 
(212°  F.)  is  required,  a  portable  water-oven  (Fig.  157)  will  answer 
admirably.  This  consists  of  a  double-walled  copper  box  containing^ 
water,  which  may  be  heated  to  boiling,  and  thus  neat  supplied  to  the 
interior  compartment,  which  is  provided  with  a  perforated  tray,  a 
closely  fitting  door,  and  an  opening  in  the  top  for  the  escape  of 
moistore.  For  temperatures  above  100°  C.  (212°  F.)  a  hot-air  bath 
(Fig.  158)  may  be  employed.    This  consists  of  a  single-walled  copper 


xinetantl/  circulating,  and  whioh  Lb 
xtugh  an  opening  iu  the  top.    In 


Hot-sli  drrlng  OTen. 

mtB   desiccation   is  oarried   on   in 
if  kiln-dried  wood  and  heated  by 

lacy  is  usually  reserved  for  a  proc- 
Htalline  salts  are  first  moderately 
with  constant  stirring  more  strongly 
f  crystallization  has  been  expelTed 
weight.     Dried  alum,  driea  sul- 
phate of   iron,    and    dried   sul- 
phate  of  copper  are  prepared  by 
exsiccation.     Exsiccated  or  anhy- 
drous salts  may   be  restored   to 
their  nri^nal  composition  hy  sim- 
ple solution  in  water. 

Desiccator  is  the  name  applied 
to  glass  apparatus  of  varied  con- 
struction, in  which  substances, 
after  having  been  completely 
dried  by  heat,  are  allowed  to  cool 
in  air  which  is  kept  entirely  free 
from  moisture  by  strung  sul- 
phuric acid,  fused  calcium  chlor- 
ide or  freshly  burned  lime,  placed 
in  the  lower  cup  of  the  apparatus. 
Sometimes  the  desiccator  is  ali<o 
iterial  which,  owing  to  its  volatile 
without  loss  or  injury,  and  siDce 
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sulphuric  acid  and  lime  both  have  a  great  affinity  for  water,  perfect 
desiccation  can  thus  be  effected.  Fig.  159  represents  one  of  the 
styles  of  this  very  useful  apparatus,  wnich  is  indispensable  in  quan- 
titative chemical  analysis. 

DTOINERATION,    CALCINATION,    AND    TOBREFACTION. 

Incineration,  or  reduction  to  ash,  is  a  process  of  separation  applied 
to  vegetable  matter,  which  consists  in  heating  it  to  redness  in  open 
vessels,  with  full  access  of  air,  until  all  carbon  has  been  consumed 
or  converted  into  carbon  dioxide. 

Calcination  differs  from  incineration  chiefly  in  being  applied  to 
mineral  substances,  which  are  heated  to  redness  without  fusion,  for 
the  purpose  of  expelling  some  volatile  constituent  at  a  high  heat,  as 
the  carbonic  acid  from  magnesium  and  calcium  carbonates  in  the 
preparation  of  magnesia  (calcined)  and  unslaked  lime,  or  the  nitric 
acid  from  mercuric  and  cupric  nitrates  in  the  preparation  of  the 
respective  oxides. 

Torrefaction,  or  roasting,  is  not  so  much  a  method  of  separation 
as  one  which  is  intended  to  modify  the  properties  of  substances 
by  exposing  them  to  dry  heat  to  a  point  short  of  carbonization. 
Roasted  conee  is  probably  the  most  familiar  example.  Thirty  or 
forty  years  ago  physicians  used  rhubarb,  dried,  and  roasted  in  very 
coarse  powder,  which  had  thus  lost  its  cathartic  properties,  but  had 
retained  its  astringency. 

DISTILLATION. 

Distillation  differs  from  evaporation  chieflv  in  the  utilization  of 
the  volatilized  liquid,  and  in  order,  therefore,  that  no  loss  may  occur, 
the  process  must  be  conducted  in  certain  closed  apparatus  in  which 
condensation  of  the  vaporized  liquid  may  be  effected.  As  the 
application  of  heat  to  a  liquid  is  necessary  to  convert  it  into  vapor, 
so  inversely  the  withdrawal  of  heat  from  vapor  is  essential  to  recon- 
vert it  into  a  liquid,  and  these  two  operations  constitute  the  process 
of  distillation ;  the  necessary  apparatus,  then,  must  consist  of  two 
parts,  a  boiler,  or  vaporizer,  ana  a  condenser,  to  which  may  be 
attached  a  separate  receiving  vessel.  The  condensed  vapor  is  called 
the  distillate. 

The  rationale  of  the  process  of  distillation  may  be  explained  as 
follows :  Heat  is  applied  to  a  liquid  in  a  closed  vessel,  and  is 
absorbed,  which  causes  the  liquid  to  change  its  state  of  aggregation 
to  that  of  vapor ;  the  vapor  enters  the  condensing  tube,  where  it 
comes  in  contact  with  the  cold  surfaces  chilled  by  water  on  the  out- 
side ;  immediately  it  begins  to  part  with  its  latent  heat,  transferring 
it  to  the  cold  surface  and  the  water,  and  assumes  again  its  original 
liquid  form. 

The  temperature  of  steam  not  under  pressure  is  100°  C.  (212^ 
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F.),  in  addition  to  which  it  carries  a  latent  heat  of  650  d^rees  C.  (990 
degrees  F.);  if  steam  is  condensed  and  the  distillate  collected  is  to  nave 
a  temperature  of  50° C.  (122°  F.),at  least  600  d^reesC.(1080 degrees 
F.)  of  heat  must  be  given  off  or  transferred  to  the  water  in  the 
cooler.  In  other  words,  each  liter  of  water  converted  into  f^eam 
requires  6  liters  of  water  at  0°  C.  (32"  F.)  to  convert  it  back  into 
-water  having  a  temperature  of  50°  C.  (122°  F.). 

Via,  160. 


simple  dkllUBtioo  from  a  flaik. 


Alcoholic  vapor  requires  only  about  one-half  as  much  cold  water 
for  condensation  as  aqueous  vapor,  since  its  sensible  heat  is  78.2°"  C. 
(172.7°  F.)  and  its  latent  heat  only  215  degrees  C.  (387  degrees  F.). 
The  sensible  heat  of  the  vapor  of  official  diluted  alcohol  is  82°  C. 
,(179.6°  F.),  and  its  latent  heat  about  260  degrees  C.  (468  degrees  F.). 


Fwi.  161. 


adapter,  a.  and  recelTer,  b. 


As  such  large  quantities  of  water  for  condensing  purposes  are  not 
practically  available,  the  same  object  is  attained — the  withdrawal 
of  the  latent  heat  from  vaporized  liquids  as  completely  as  possible — 
by  a  continuous  supply  of  cold  running  water.  It  has  been  fre- 
quently observed  in  the  preparation  of  distilled  water  that  more 
rapid  condensation  takes  place  if  the  water  surrounding  the  con- 
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leaser  be  supplied  slowlv  and  thus  allowed  to  become  warm.  The 
outlet,  or  lower  end  of  tbe  condensing  tube,  should  always  be  kept 
coolest,  hence  cold  water  must  be  supplied  at  this  point  and  carried 
upward.  Care  must  also  be  observed  that  the  application  of  heat 
and  refrigeration  be  properly  adjusted,  so  that  vapor  be  not  generated 
in  excess  of  the  capacity  of  the  condenser. 


The  simplest  form  of  distillatory  apparatus  consists  of  a  flask,  or 
retort,  in  which  the  liquid  to  be  distilled  is  vaporized,  and  a  receiver 
iramersed  in  cold  water,  in  which  the  vapor  is  condensed.  When  a 
flaek  is  used,  this  is  connected  with  the  receiver  by  means  of  glass 
tubing,  as  shown  in  Fig.  160,  while  in  the 
case  of  the  retort  connection  is  made  either  Fio.  163. 

by  means  of  an  adapter,  see  Fig,  161,  or  by 
inserting  the  beak  of  the  retort  directly  into 
the  receiver,  as  shown  in  Fig.  162. 

To  cool  the  vapor  still  more  thoroughly, 
the  beak  of  the  retort,  or  the  tube  connecting 
the  flask  with  the  receiver  may  be  wrapped 
in  part  with  cotton  cloth  upon  which  a 
constant  stream  of  cold  water  is  allowed  to 
trickle,  the  water  being  prevented  from  run- 
ning into  the  receiver  by  suspending  the  end 
of  the  cloth  in  the  receptacle  for  waste  water. 
Tubulated  retorts  have  almost  entirely  super- 
seded the  plain  variety,  as  they  possess  the 
advantage  of  being  more  easily  filled  and 
cleaned,  and  also  admit  of  the  introduction 
of  a  thermometer  or  safety-tube,  through  a 
cork  in  the  tubulure,  A  safety-tube,  Fig. 
163,  is  often  necessary  in  distillation  from 
retorts  or  flasks,  to  allow  the  escape  of  large  Rafcij-tube. 

volumes  of  vapor  accumulated  and  suddenly 

evolved,  which  otherwise  might  endanger  the  apparatus  or  cause 
the  liquid  to  rise  and  flow  over  into  the  condensing  tube.  Wide- 
mouth,  flat-bottom  flasks  are  preferable  to  retorts,  as  they  can  be 
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mure  readily  filled,  connected  and  cleaned,  and  are  ea^y  6upporl«<t 
on  a  sand-  or  water-bath. 

For  many  purposes,  when  the  most  perfect  refrigeration  of  vapor 
possible  is  desired,  tlie  apparatus  known  as  the  Liebig  condeDser 
will  be  found  extremely  useful,  its  construction  being  such  as  to  in- 
Bure  a  constant  supply  of  cold  water  around  the  condensing  tube, 
which  can  be  readily  connected  with  any  flask  or  retort  by  means 
of  corks  and  glass  tubing.  The  Liebig  condenser  consists  of  two 
tubes,  one  within  the  other ;  the  inner  always  of  glass,  the  outer  of 


All-gUu  Lleblgcaadenter,  with  a<l|uitable  cUmp.  Squtbb'i  upilgbt  condemcr. 

glass  or  motal  and  provided  with  attachments  for  supply  and 
waste  of  water,  which  is  made  to  enter  near  the  lower  end  and 
to  traverse  the  whole  length  of  the  outer  tube  before  it  is  dis- 
charged at  the  upper  end ;  therefore,  aa  the  vapor  passes  down- 
ward in  the  inner  tube  it  is  continually  cooled,  antf  thus  perfect 
condeni^ation  effected  before  it  readies  the  receiving  vessel.  Fig, 
164  shows  an  all-glass  Liebig  condenser  attachable  to  any  filterini 
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Etand  and  capable  of  beJDg  set  at  any  angle  or  height,  by  means  of 
the  clamp  support,  to  suit  the  position  of  the  flask  or  retort  with 
vhich  it  is  to  be  connected. 

In  order  to  economize  space  on  the  laboratory  table,  the  late  Dr. 
Squibb  devised  an  upright  condenser,  also  made  of  glasB,  which  can 
be  attached,  like  the  preceding  one,  to  a  stand ;  it  is  very  eflective, 
and  differs  from  the  Liebig  condenser  in  having  the  condensing  tube 
doubled  like  a  U,  shown  in  Fig.  165.  The  outer  lines  represent 
the  water-case  tube,  V  V  the  vapor  tube  of  U-shape  with  a  small 
opening  at  the  lower  end,  from  which  the  condensed  liquid  escapes 
to  a  proper  recipient,  while  any  uncondensed  vapor  passes  to  the 
other  leg  of  the  tube,  is  there  condensed,  and  flows  downward  to  the 
outlet.  R  is  the  tube  supplying  cold  water  to  the  lower  end  of  the 
water  case,  which  rises  and  finally  flows  out  through  e. 


Fio.  16S. 


Fio.  167. 


Reflux  coudeiuer. 

Condensers  intended  for  special  purposes  are  often  made  of  dif- 
ferent designs,  the  same  principle,  however,  being  applied  in  all, 
namely,  to  bring  the  vapor  in  contact  with  a  cold  surface,  kept  so 
by  a  continuous  supply  of  cold  water.  Thus  the  glass  ujiriglit  or 
reflux  condensers  shown  in  Figs,  166  and  167  are  intended  to  be 
used  in  connection  with  a  flask  or  an  extraction  apparatus  for  the 
purpose  of  condensing  the  vapor  of  alcohol,  cliloroform,  ether,  and 
similar  liquids,  and  allowing  the  condensed  fluid  to  flow  back  into 
the  vessel  from  which  the  vapor  issued.     The  spherical  condenser, 
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Fig,  168,  is  usuElly  made  of  braes,  and  occupying  less  space  is  pT«- 
ferred  by  many  to  the  upright  condensers ;  it  is  intended  for  the 
same  purposes  as  the  latter.     A  sectJonal  view,  shown  in  Fig.  169, 


spherical  eondeuwr. 


Spherical  condenier. 


explains  the  ooostruetion ;  the  cold  water  enters  at  o,  and  filling  the 
inner  space  is  allowed  to  flow  out  at  6,  while  the  vapor  passes  into 
the  annular  space  surrounding  the  water  reservoir,  through  the  tube 


/ 

1 

f 

1 

^  "    is 

Wonn  condenser. 


The  BelDdorf  coDdeoMr. 


«,  and  having  been  condensed  flows  back  again  through  c  ;  the  tub* 
d  is  usually  kept  loosely  corked,  and  is  simply  a  safety  attaobmenl 
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Fig.  172. 


to  allow  the  vapor  to  escape  in  case  it  should  fail  to  be  completely 
condensed. 

For  large  operations,  condensation  of  vapor  is  usually  effected  in 
a  metal  or  stoneware  tube  bent  in  the  form  of  a  spiral^  and  known 
as  a  condeimng  worm  (see  Fig.  170),  inclosed  in  a  metal  or  wooden 
case,  which  is  kept  supplied  with  a  constant  stream  of  cold  water. 
On  account  of  the  difficulty  encountered  in  cleaning  the  worm,  other 
arrangements  have  been  suggested,  some  of  which  are  extensively 
employed  in  Europe.  Fig.  171  represents  the  Beindorf  condenser y 
in  which  the  vapor  is  made  to  pass  through  three  straight  tubes,  con- 
necting with  a  common  outlet  tube ;  by  unscrewing  the  upper  half 
of  the  globular  chamber  into  * 

which  the  vapor  first  passes, 
all  the  tubes  can  be  thoroughly 
cleansed.  The  Mitsc/herlich  con- 
denser (Fig.  172)  differs  from 
others  in  keeping  the  vapor 
in  contact  with  two  separately 
cooled  surfaces,  which  insures 

more  rapid   condensation;  as 

shown  in  the  illustration,  the 

condensing    chamber    consists 

of  a  somewhat  tapering  cylin- 

drical   vessel,  a,  ending  in   a 

tube,  the  whole  made  of  metal 

{preferably  block-tin),  and  rest- 
ing on   a   support  in  a  large 

metal  or  wooden  case,  b  ;  into 

this  condenser    is    accurately 

fitted  at  the  shoulder  a  similar 

metal  cylinder,  c,  cone-shaped 

at  the  closed  end.    By  means 

of  long  funnel  tubes  cold  water 

is  continually  supplied  at  the 

bottom  of  the  outer  and  inner 

coolers,  b  and  c,  which  rises  as 

it  becomes  warmed,  and  flows 

out  at  the  top  at  d  and  d  ;  the 

distillate  flows  off  into  a  re- 
ceiver  at  /.     In  practice  the 

Mitscherlich  condenser  has  been  found  very  effective,  and  if  the 
inner  cooler  has  been  properly  fitted  to  the  condensing  chamber, 
no  escape  of  vapor  need  be  feared ;  it  is  readily  taken  apart  and 
cleaned,  and  the  only  apparent  disadvantage  lies  in  the  double  water 
supply  and  waste. 

It  frequently  happens,  when  distilling  from  glass  flasks  or  retorts, 
that  the  liquid,  although  boiling  at  first  quietly,  suddenly  begins  to 
evolve  vapor  violently,  the  phenomenon  repeating  itself  from  time 


The  Mitscherlich  condenser. 
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to  time.  This  outburst  of  accumulated  vapor  is  termed  bumpkg, 
and  although  it  has  not  beeo  satisfactorily  explained,  it  is  known 
to  occur  chiefly  in  smooth  glass  vessels ;  it  is  both  auDoying  and 
daufrerous,  as  it  may  result  in  fracture  of  the  vessel,  or  in  the 
liquid  splashing  upward  into  the  condensing  tube.  Bumping  my 
be  due  to  unequal  heating  of  the  vessel,  for  if  the  flask  or  retort  be 
covered  with  a  hood  of  pasw-board  or  metal,  so  that  the  heat 
be  equally  difi'used,  it  occurs  but  rarely  and  less  violently.  An- 
other remedy  consists  in  introducing  angular  bodies  into  the  liquid, 
such  as  pieces  of  pumice-stone  or  glass,  or  a  long  platinum  apiral, 
which  will  afford  a  ready  means  of  escape  for  the  vapor  from  the 
bottom  of  the  liquid.  Prof.  Proctor,  of  £ngland,  has  proposed  as  a 
very  eSectual  remedy,  to  pass  a  slow  current  of  air,  hydrc^r,  or 
carbon  dioxide  through  the  hot  liquid ;  for  small  operations  tbi& 
may  be  done  by  forcing  a  stream  of  air,  by  means  of  an  India- 
rubber  ball  bellows,  through  a  glass  tube  drawn  out  to  a  capillaiy 
tube  and  dipping  to  the  bottom  of  the  liquid,  while  heat  is  being 
applied.  Ebullition  is  said  to  go  on  smoothly  so  long  as  this  is 
continued,  but  bumping  commences  as  soon  as  the  .supply  of  air 
ceases.  Another  plan  which  has  been  found  very  satisfactor)', 
especially  in  the  process  of  distillation,  is  the  suction  of  air  through 
the  retort  by  means  of  an  aspirator  attached  to  the  receiver. 

For  the  recovery  of  alcohol  from  weak  percolates  in  the  concentra- 
tion of  vegetable  solutions  by  distillation,  special  metallic  stills  have 
been  devised.  Those  made  of  heavily  tinned  copper,  of  1-  to  5- 
galloo  capacity,  will  be  found  most  desirable  for  pharmacists.  Figs. 
173,  174,  175,  and  177  represent  different  styles  of  pharmaceutical 
stills  in  use  at  the  present  time.  Beck's  pharmaceutical  stilt  (Fig. 
173)  is  one  of  the  best  stills  made  for  the  concentration  of  weak 
percolates  and  the  recovery  of  alcohol,  and  is  especially  adapted  for 
tile  work  of  the  small  manufacturer.  It  is  simple  in  construction, 
efficient  in  condensing  power,  and  easily  cleaned.  It  is  made  of 
heavily  tinned  copper,  and  the  evaporating  pan  has  a  capacity  of  2 
gallons.  The  cold  water,  which  is  made  to  circulate  freely  between 
the  double  walls  of  the  cone-shaped  head,  is  supplied  near  the  base  on 
one  side,  at  a,  and  dischai^ed  at  the  top  on  the  other  side,  at  b.  The 
vapor  is  condensed  on  the  under  side  of  the  still-bead,  the  distillate 
collecting  in  two  gutters  or  troughs,  one  above  tlie  other,  whence  it 
is  discharged  through  a  common  outlet,  c,  as  shown  in  the  sectional 
vie^.  The  water-hath  and  condenser  are  securely  clamped  togetht-t 
by  means  of  six  bolts  and  nuts,  the  rim  of  the  evaporating  p*n  being 
interposed  between  two  flat  rubber  rings;  an  air-tight  joint  is  thu^ 
produced  and  esca)>e  of  vapor  effectually  guarded  against.  A  small 
tube  on  the  side  of  the  water-bath  is  for  the  escape  of  steam,  and  ii 
about  1}  gallons  of  water  he  put  into  the  bath  when  the  still  >' 
started,  it  will  not  require  relilling  for  about  twenty-four  hours.  II 
the  quantity  of  liquid  to  he  distilled  is  in  excess  of  the  capacity  ol 
the  evaporating  dish,  the  latter  may  be  refille<l  by  means  of  a  lone 
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stem  funnel  tlirough  the  opening  in  the  apex  of  the  still-liead.  Tlie 
important  features  of  the  Beck  still  are:  1.  A  broad  and  rather 
shallow  evaporating  dish ;  since  the  liquid  will  be  kept  at  a  tempera- 
ture below  its  Iwiling-point,  vaporization  will  take  place  wholly  at 


Beck'e  pharmaceutical  atlll  (exterior  view}. 


the  surface,  and  hence  the  larger  the  surface  exposed  tlie  more  rap- 
idW  will  the  vapor  escape.  2.  The  two  gutters  or  troughs  on  the 
under  side  of  the  still-head,  whereby  the  dripping  back  of  any  con- 
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densed  liquid  into  the  evaporating  dish  is  avoided,  and  thu8  the 
annoying  feature  of  a  single-gutter  arrangement  overcome.  3.  The 
capacity  and  style  of  the  water-bath,  which  are  such  as  to  inaure  & 
supply  of  hot  water  or  steam  under  and  around  the  evaporating  dish 
for  many  hours,  since  the  escape  of  steam  at  the  temperature  em- 
ployed is  quite  moderate.  The  Beck  still  can  be  heated  with  either 
gas  or  oil,  and  if  water  attachments  are  not  convenient,  a  barrel  nf 
cold  water  may  be  placed  at  some  height  above  the  still,  from  which 
the  condenser  ean  be  supplied. 

The  special  features  of  the  Bemington  still  (Fig.  174)  are  the 
peculiar  snape  of  the  still-head  and  the  construction  of  the  condenser. 


The  Remington  still. 

In  the  former  the  opening  for  the  passage  of  the  vapor  is  drawn  over 
to  one  side,  instead  of  l>eing  in  the  centre  as  usual,  by  whicb  arrange- 
ment the  condensing  surface  of  the  head  is  greatly  reduced  and  ci>n- 
densation  of  vapor  witliin  the  body  of  the  still  obviated  as  far  a> 
possible.  The  condensing  tube  represents  a  multiple  Liebig  cm- 
denser,  7  block-tin  tubes  being  so  arranged  within  a  copper  case  tliai 
cold  water  is  constantly  circulating  between  them.  Two  ground- 
brass  joints  are  used — one  at  the  point  of  juncture  of  the  condcnsei 
with  the  still-head,  the  other  where  the  nose-piece  is  attached  to  tht 
end  of  the  condenser.  The  capacity  of  the  stilt  is  3  gallons,  am 
by  the  siphon  arrangement  shown  in  Fig.  174  it  is  possible  to  fee* 
the  ^till  from  a  reservoir  while  distillation  is  in  progress. 

The  Prentiss  alcohol -reclaimer  (Fig.  175)  is  easily  operated.     I 
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is  made  of  tinned  copper,  and  is  provided  with  an  upright  column,  B, 
screwed  to  the  top  of  the  still,  in  which  is  placed  a  rod  carryiDg  a 
series  of  perforated  tin  disks  (see  Fig.  176)  intended  to  increase  the 
alcoholic  strength  of  the  distillate  by  condensing  the  aqueous  vapor, 
which  then  returns  to  the  still,  while  the  vapor  of  alcohol  passes  on 
to  the  condenser  proper.  The  vapor  passes  from  the  column  through 
8  short  tube,  C,  to  the  condenser,  which  consbts  of  a  12-ounce  cop- 
per can,  D,  containing  a  tube  bent  zigzag,  and  supplied  with  cold 
water  by  means  of  a  funnel  tube,  E,  reaching  to  the  bottom  of  the 
can.  The  distillate  is  collected  at  the  outlet,  G,  a  continuation  of 
the  zigzag  condensing  tube,  while  the  waste-water  flows  out  at  F, 
which  is  connected  with  the  sink  by  means  of  rubber  tubing. 


The  Prentlie  a1 


The  Anderson  automatic  still  (Fig.  177)  differs  from  the  others 
described  in  the  continuous  automatic  supply  of  water  to  the  water- 
bath.  The  refrigeration  of  vapor  is  effected  by  a  free  circulation  of 
water  between  the  walls  of  the  cone-shaped  condenser,  as  in  the 
Beck  still,  the  distillate  collecting  in  a  gutter  at  the  base  of  the  cone. 
The  water  in  the  condenser  gradually  becomes  warm  and  flows  into 
the  watei^bath,  which  is  kept  filled  to  a  uniform  height  by  means  of 
an  overflow  pipe,  and  thus  the  necessity  of  replenistung  the  boiler 
with  cold  water  from  time  to  time,  in  large  operations,  is  obviated. 
The  liquid  to  be  distilled  is  heated  in  a  broad,  shallow  evaporating 
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ish,  Train  which  the  alcoholic  vapors  rise  rapidly  owing  to  the  lai^ 
xtent  of  surface  exposed. 

Automatic  stills  are  recommended  and  lai^lv  used  for  the  diii- 
illation  of  water;  but  when  absolute  purity  is  desired  it  must  nut 
e  overlooked  that  in  automatic  stills  the  air  and  other  gases  om- 
lined  in  the  water  are  sure  to  pass  out  with  the  steam  and  reciis- 
jlve  in  the  condensed  vapor,  so  that,  while  all  non-volatile  impuri- 
ies  are  removed,  volatile  matter  is  sure  to  contaminate  the  distillate. 
)istilU'd  water  entirely  free  fiom  air  and  all  other  impurities  caa 
e  obtained  only  by  rejecting  the  first  ix>rtion  of  the  distillate 
ibont  10  per  cent.),  which  contains  the  volatile  matter,  and  alloff- 
ig  the  last  portion  (about  10  per  cent.)  to  remain  in  the  still ;  this 
riW  retain  all  mineral  impurities  and  such  decomposition  products 


The  Anderson  nuComitlc  itlll. 

i  may  result  from  the  prolonged  action  of  heat  on  organic  con- 
^ituents.  Only  about  80  iwr  cent,  of  the  volume  of  water  to  !« 
istilled  should  be  collected  and  considered  absolutely  pure.  The 
ibes  in  which  the  aqueous  vapor  is  condensed  must  be  of  glass  or 
ure  block-tin. 

In  the  manufacture  of  fluid  and  solid  extracts  and  similar  prepa- 
itions,  on  a  large  scale,  stills  heated  by  steam  are  employed  for  the 
oncentratiou  of  weak  percolates  and  the  recoverj-  of  alcohol.  Such 
tills  are  made  of  heavily  tinned  copper,  and  will  hold  from  50  to 
50  gallons  of  percolate.  The  boiler,  or  evaporating  pan,  is  partly 
nclosed  in  a  copper  jacket  provide<l  with  an  inlet  and  outlet  for 
team,  by  which  means  heat  is  supplied  to  the  liquid.  Fig.  1"8 
eprescnts  one  of  these  large  steam  stills.  Condensation  of  the 
Icoholic  vapor  is  effected  by  either  a  worm  or  an  upright  con- 
enscr,  the  latter  usually  consisting  of  a  number  of  straigrlit  block- 
n  pipes  encased  in  a  copper  cylinder,  on  the  principle  of  the  Liebig 
an  denser. 

The  still  designed  by  Dr.  Rice  (see  Fig.  1V9)  presents  the  pecu- 
arity  of  having  the  conden.^r  situatctl  immediately  above  the  still- 
ead,  which  is  for  the  double  pur)x>se  of  saving  floor-space   and 
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allowing  the  condenser  to  be  used  as  a  reflux  condenser  in  the  case 
of  continuous  percolation,  as  explained  below.  The  case  eaclosing 
the  condensing  coil  is  made  of  copper,  has  a  rounded  bottom,  and  is 
closed  at  the  top ;  cold  water  is  supplied  at  the  bottom  at  B  by 
meaas  of  the  nibber  tube  a,  and  is  discnarg<^  at  c,  near  the  top,  by 
means  of  a  tube  leading  to  the  waste-pipe  D.  The  small  tube  near  b, 
usually  closed  with  a  cork,  is  for  the  purpose  of  emptying  the  water 
without  removing  the  tube  A.  The  head  of  the  still  is  jirovided 
with  three  short  tubular  openings,  one  for  refllling  the  still  when 

Fio.  ira 


lOO-gaUoa  copper  slill,  trllh  uprJgbt  condenser. 

required,  another  for  inserting  a  thermometer,  and  the  third,  shown 
in  the  cut,  for  carrying  a  safety  tube,  L,  The  vapor-pipe  starts 
from  the  still-head  at  E,  an<l  is  connected  with  the  projecting  end  of 
the  block-tin  condensing  coil,  near  the  upper  part  of  the  tank,  at  E. 
The  worm  inside  of  the  condenser  tanlc  hats  a  uniform  downward 
descent,  and  emerges  at  P,  extending  a  short  distance  to  the  joint,  by 
means  of  which  it  is  connected  with  a  block-tin  pipe,  J,  leading  to 
the  receiving  vessel.  The  head  is  attached  to  the  body  of  the  still 
by  means  of  a  rubber  Avasher  and  iron  clamps,  and  can  be  readily 
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removed,  after  taking  off  tlie  clamps,  by  attaching  the  tackle  K  to 
the  top  of  the  conilenser  and  hoisting  the  whole  upward.  Strain  is 
admitted  to  the  jacket  at  h,  and  a  is  the  exhaust  pipe  for  the  suue. 


Stin  and  conflenaer  dMlgiLed  br  Dr,  Cb&rlea  RiM. 

Ahout  the  middle  of  the  lower  projecting  end  of  the  condensing 
tube  a  branch  passes  downward  back  to  the  still  at  o,  and  tcrrainatw 
under  the  head  in  the  form  of  an  CO  ,  which  trap  prevents  any  con- 
<lensed  (iquid  from  flowing  back  into  the  still  should  the  stopcock 
at  H  be  open.  The  object  of  this  branch  pipe  is  to  carry  the  con- 
densed alcohol  back  to  the  still  when  the  apparatus  is   used  for 
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continuous  percolation  of  such  substances  as  nux  vomica,  aconite^ 
etc.  When  the  still  is  to  be  used  for  this  purpose,  a  large  tin-lined 
copper  percolator,  into  which  the  moistened  drug  has  been  packed 
and  covered  with  a  felt  diaphragm,  is  securely  clamped  between  the 
h^ad  and  the  body  of  the  still,  into  which  menstruum  has  previously 
been  poured.  When  steam  is  admitted  to  the  jacket  the  alcohol  is 
vaporized,  recondensed  in  the  condenser  above,  and  made  to  flow 
back  to  the  still  and  on  to  the  drug  in  the  percolator  by  means  of 
the  branch  pipe  and  stopcock  at  H,  the  tube  J  having  been  discon- 
nected and  the  joint  closed  with  a  cork.  The  percolate  collects  in 
the  body  of  the  still  and  the  alcohol  is  again  vaporized  as  before,  the 
process  continuing  at  the  pleasure  of  the  operator,  and  the  drug 
being  thoroughly  exhausted  with  a  minimum  quantity  of  menstruum. 
Thus,  prolonged  digestion  and  continuous  percolation  of  lai^  quan- 
tities of  drugs  can  be  successfully  carried  on  in  this  apparatus  with- 
out any  loss  of  alcohol. 

The  so-called  dreg  stills  for  the  recovery  of  alcohol  from  the 
marc  are  sometimes  made  of  300  or  500  gallons  capacity,  of  heavy 
copper,  but  not  jackete<l ;  as  no  injury  can  be  done  to  the  exhausted 
material  by  heat,  live  steam  is  passed  directly  into  the  still-body 
containing  the  marc,  and  the  alcohol  is  thus  rapidly  vaporized  and 
forced  into  suitable  condensers. 

Vojcuum  stUh  are  necessarily  of  a  somewhat  different  construc- 
tion, and  are   used   only  in   large   manufacturing  establishments, 
where   the  concentration  of  bulky  vegetable  solutions  at  low  tem- 
peratures is  frequently  desired.     Without  the  use  of  vacuum  appa- 
ratus the  evaporation  of   solid  extracts,  without  injury,  to  a  con- 
dition suitable  for  powdering,  would  be  an  impossibility.     Fie.  180 
represents  a  large  vacuum  still  in  operation  at  tjie  establishment 
of  Sharp  &  Dohme,  of  Baltimore,   who  have  kindly  granted  the 
privileffe  of  giving  a  photographic  reproduction  of  the  apparatus. 
The  still  proper  consists  of  an  egg-shaped  vessel  of  heavily  tinned 
copper,  partly  encased  in  a  jacket,  to  which  steam  is  supplied ;  it 
is  provided  with  a  vacuum  gauge,  thermometer,  sight-glasses  through 
which   the   process  of  evaporation   may  be  watched,  and  an   in- 
genious stirring  apparatus  attached  to  the  vertical  shaft,  operated 
by  means   of  the  two  geared  wheels   seen    above  the   still.     The 
liquid  to  be  evaporated  is  supplied  automatically  through  the  tube 
seen  projecting  from  the  side  of  the  still,  to  the  right  of  the  wheel 
which   operates   the   clamp   holding  the   man-hole   cover  in  posi- 
tion.    Cleaning  of  the  still  is  effected  through  a  large  man-hole  in 
the  lower  front  of  the  still-body.     The  vapor  of  the  evaporating 
liquid  passes  through  the  large  tube  projecting  laterally  from  the 
still-head,  into  a  series  of  condensing  tubes  resting  in  a  large  iron 
tank  provided  with  a  constant  supply  of  water ;  any  vapor  escaping 
condensation  in  these  tubes,  which  may  happen  on  account  of  its 
more  rapid  movement  caused  by  the  action  of  the  vacuum  pump, 
will   be  caught  and   condensed  in  the  Liebig  condenser   situateil 
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iliagoiially  undGrneatli  the  iron  taiilc.  Tlio  distillate  is  finally  dis- 
cliai^d  tliroiigli  the  large  spout  M-hich  may  be  seen  emei^ing  from 
the  valve  l>ox  connected  with  the  pump  about  the  centre  of  the 
lower  part  of  the  figure. 

Fig.  130. 


um  still  snil  condensing  (a 


The  rarefaction  of  air  in  the  apparatus  is  accomplished  by  means 
■of  an  exhaust  pump  situated  nnder  the  condensing  tank  and  com- 
municating with  the  condensing  tubes. 

When  the  still  is  to  be  operated,  tlie  pump  is  started,  exhausting 
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the  air  from  the  still  until  the  desired  vacuum  is  reached^  as  indi- 
cated by  the  barometric  gauge  attachecl  to  the  wall  between  the  still 
and  the  condensing  tank,  and  connected  with  the  still  by  means  of  a 
two-neck  bottle  and  a  block-tin  pipe.  A  rubber  hose  dipping  into 
the  liquid  to  be  evaporated  is  then  connected  with  the  projecting^ 
tube  to  the  right  of  the  man-hole,  and  the  stopcock  in  the  tube 
having  been  opened,  tiie  liquid  is  allowed  to  flow  into  the  still  by 
atmospheric  pressure  until  it  reaches  the  desired  height  in  the  still,, 
after  which  the  stopcock  is  partially  closed  and  so  set  that  the  sup- 
ply of  liquid  is  automatically  kept  up  in  proportion  to  its  evapora- 
tion— the  aim  being  to  preserve,  as  far  as  possible,  the  original  volume 
of  the  liquid  in  the  stilL  By  this  arrangement  large  volumes  of 
percolate  can  be  concentrated  in  a  comi)aratively  short  time,  without 
taking  the  still  apart  or  interfering  in  any  way  with  the  distilla- 
tion of  the  menstruum.  Evaporation  taking  place  at  a  low  tempera- 
tare  and  with  entire  exclusion  of  air,  no  possible  injury  can  occur  to 
the  constituents  in  solution. 

Fractional  distillation  is  the  name  applied  to  a  process  intended 
to  separate  liquids  of  different  boiling-points,  and  is  often  a  valuable 
aid  in  determining  the  composition  of  a  mixture  or  in  the  purification 
of  certain  chemicals.     It  necessitates  the  introduction  of  an  accurate 
thermometer  into  the  retort,  flask,  or  still,  so  that  a  change,  in  the 
boiling-point   may  be   promptly   observed  and  the  receiving  flask 
changed  accordingly.     As  all  liquids  will  begin  to  vaporize  before 
their  boiling-point  is  reached,  perfect  separation  is  impossible  in  a 
single  operation  ;  it  is,  therefore,  customary  to  collect  the  liquids  con- 
densed during  a  certain  range  of  temperature  in  the  still,  and  to  sub- 
ject these  again  to  the  same  process  of  fractionation,  until  finally  a 
pure  liquid  showing  a  stationary  boiling-point  is  obtained.  .  As  an 
example,  may  be  cited  a  mixture  of  ether,  chloroform,  and  alcohoL 
If  pure,  the  three  liquids  will  boil  at  35.5°  C,  60.6°  C,  and  78°  C.^ 
respectively ;  but,a  mixture  may  possibly  boil  at  about  40°  C,  when 
almost  all  of  the  ether  will  distil  over,  together  with  small  portions 
of  chloroform  and  traces  of  alcohol.     As  the  temperature  rises  to 
65°  C.  the  distillate  will  consist  chiefly  of  chloroform  mixed  with 
traces  of  ether  and  small  portions  of  alcohol ;  and  finally,  at  78°  C, 
alcohol  will  distil  over,  not,  however,  entirely  free  from  chloroform 
and  traces  of  ether.     By  changing  the  receiving  flask  at  40°  C.  and 
65°  C,  fractions  will  be  obtained  entirely  different  in  composition 
from  the  original.     If  the  first  fraction  be  now  distilled,  the  liquid 
will  probably  boil  near  38°  C,  and  by  carefully  watching  the  ther- 
mometer and  changing  the  receiver  ether  almost  entirely  free  from 
chloroform  and  alcohol  may  be  obtained.     By  thus  carefully  collect- 
ing the  fractions  at  fixed  temperatures,  and  re-distilling  each  by 
itself,  more  thorough  separation  is  possible. 

During  the  ebullition  of  a  pure  liquid  no  change  of  temperature 
will  be  indicated  by  the  thermometer,  but  in  a  mixture  of  inter- 
soluble  liquids  a  gradual  rise  will  continue  as  the  more  volatile,  are 


190  GENERAL  PHARMACY. 

vai)orizcd,  this  rise  being  slow  or  rapid  as  either  the  more  volatile 
or  less  volatile  liquids  predominate.  If  a  mixture  of  only  partly 
miscibleliquids  besubjectedtodistillationytheteni])eraturewill  remain 
stationary  during  the  ebullition  of  the  more  volatile  liquid  and  only 
begin  to  rise  when  the  same  has  nearly  all  been  vaporized*  In  such 
leases  almost  perfect  separation  can  be  effected,  particularly  if  the 
boiling-points  of  the  liquids  lie  far  apart.  Examples :  benzin  and 
alcohol^  or  alcohol  and  oil  of  turpentine.  Numerous  coal-tar  prod- 
ucts are  obtained  by  fractional  distillation. 

Fractional  condensation  is  closely  allied  to  fractional  distillation, 
and  is  largely  employed  in  the  rectification  of  alcohol  and  the  puriii- 
cation  and  concentration  of  glycerin  and  other  liquids.  It  is  effected 
by  passing  the  mixed  vapors  into  a  series  of  condensers  kept  at  reg- 
ular temperatures,  each  succeeding  one  being  cooler  than  the  one 
which  precedes  it. 

Destructive  distillation  is  the  process  of  heating  dry  vegetable  or 
animal  matter,  in  suitable  closea  vessels,  until  decomposition  takes 
place,  tlie  volatile  products  being  expelled  and  a  fixed  residue 
remaining.  As  the  name  indicates,  the  process  involves  the  destruc- 
tion of  the  original  compound,  whereby  products  of  simpler  com- 
position are  obtained.  In  order  to  avoid  oxidation,  destructive 
<listillation  must  be  carried  on  in  closed  apparatus  with  entire 
exclusion  of  air,  and  as  the  heat  necessary  is  in  most  cases  far 
greater  than  that  to  which  glass  vessels  could  be  safely  exposed, 
iron  retorts  or  cylinders  are  employed.  The  residue  left  in  the  iron 
retort  is  often  a  fused  mass  insoluble  in  water,  which  necessitates 
mechanical  means  for  its  removal.  The  products  of  destructive 
distillation,  in  their  crude  state,  are  usually  accompanied  by  a 
peculiar  smoky  odor  called  empyreumay  said  to  be  due  to  an  oil 
developed  during  the  process  of  decomposition ;  this  is  subsequently 
removed  by  rectification.  The  most  striking  examples  of  destruc- 
tive distillation  are  the  manufacture  of  acetic  acid  from  wood  and 
of  illuminating-gas  from  coal. 

SUBLIMATION. 

Sublimation  is  the  term  applied  to  the  process  of  vaporizing  vola- 
tile solids  and  condensing  the  vapor  back  into  a  solid ;  it  must  not 
be  confounded  with  the  term  dry  distiUationy  which  is  frequently 
used  in  place  of  destructive  distillation.  The  product  of  sublima- 
tion is  known  as  a  sublimate,  and  may  occur  in  the  form  either  of  a 
fine  powder  or  compact  masses. 

The  object  of  the  process  of  sublimation  may  be  the  purification 
of  a  substance  by  separating  the  volatile  solid  from  less  volatile  or 
fixed  impurities,  as  in  the  case  of  sulphur,  camphor,  naphtalene,  and 
iodine,  or  the  separation  and  collection  of  volatile  solids  resultine 
from  chemical  reaction  at  higher  temperatures,  as  in  the  case  oi 
pyrogallol,  calomel,  and  mercuric  chloride. 
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The  apparatus  consists  of  a  subliming  vessel  made  of  iron^  glass, 
or  earthenware^  and  a  condenser  adapted  to  the  volatility  oi  the 
product,  the  condensing  surface  being  kept  sufficiently  near  the 
source  of  heat  to  avoid  cooling  of  the  vapor  before  it  reaches  the 
coudenser.  If  the  temperature  of  the  condenser  is  but  little  below 
that  of  the  subliming  vessel,  the  vapors  of  the  volatilized  substance 
will  not  condense  until  they  strike  the  surface  of  the  condenser,  and 
will  form  in  compact  masses,  frequently  in  crystalline  condition ; 
as,  for  instance,  arsenous  acid,  corrosive  mercuric  chloride,  ammo- 
nium carbonate,  and  commercial  sal-ammoniac.  In  order  to  obtain 
the  sublimate  in  the  form  of  powder,  the  air  in  the  condenser 
must  be  decidedly  cooler  than  the  temperature  at  which  the  sub- 
stance volatilizes,  because  then  the  vapor  will  be  immediately 
cooled  and  rapidly  deposited  in  very  smsul  particles,  as  in  the  case 
of  calomel,  sulphur,  and  camphor  when  intended  for  subsequent 
compression. 

The  process  of  sublimation  is  confined  to  the  larger  operations  of 
manufacturing  chemists,  but  can  be  demonstrated  in  a  small  way  by 
placing  a  few  grains  of  camphor  or  iodine  in  a  lonff  test-tube  and 
then  heating  until  all  has  been  volatilized;  in  a  few  minutes  the 
substance  may  be  gathered  in  the  form  of  very  small  crystals  from 
the  upper  part  of  the  tube. 
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Fig.  181. 


CRYSTALLIZATION. 

The  subject  of  crystal  lization^  while  a  most  important  branch  of 
mineralogy  and  chemical  physics,  is  of  less  value  in  pharmacy 
proper;  but  as  the  Pharmacopoeia  makes  frequent  use  of  terms 
belonging  to  the  study  of  crystallography,  and  as  the  pharmacist 
may  have  occasion  to  resort  to  crystallization  for  the  purpose  of 
determining  the  character  and  quality  of  substances,  a  short  notice 
is  deemed  desirable. 

Crystallization  may  be  looked  upon  as  another  method  of  separa- 
tion, as  it  is  frequently   employed  for  the  purpose  of  removing 

impurities  from  crystallizable  sub- 
stances. The  term  crystal  is  ap- 
plied to  solid  inanimate  bodies  of 
r^ular  internal  structure  and  defi- 
nite geometrical  form,  bounded  by 
plane  surfaces  and  having  angles 
of  fixed  and  constant  values.  The 
assumption  of  such  distinctive  geo- 
metrical forms  occurs,  as  a  rule, 
during  the  change  taking  place  in 
the  state  of  aggregation  of  sub- 
stances from  the  gaseous  or  liquid 
to  the  solid  condition;  in  a  few 
cases  it  occurs  also  in  solid  bodies, 
as  iron  and  brass  wire. 

In  the  preliminary  study  of 
crystallography  the  meaning  of  the  following  terms  must  be  con- 
sidered. 

Fdcea  are  the  plane  surfaces  bounding  the  crystal  (see  abdcj  efhg, 
abfe,  and  6/Ad,  Fig.  181). 

Edges  are  the  lines  of  intersection  of  two  adjoining  faces  (see  «/, 
abyfhj  bfj  dby  ey,  ea,  gh,  gf,  cdj  ca^  eg,  etc.,  Fig.  181). 

Angles  are  the  points  formed  by  intersection  of  three  or  more 
faces  (see  Fig.  181),  e,  formed  by  abef,  eacg,  and  efhg;  /,  formed 
by  bdhf,  baef,  and  efgh  ;  c,  formed  by  dhge,  abdc^  and  aegc,  etc. 

Axes  are  imaginary  lines  drawn  through  the  center  of  the  crys- 
tal, around  which  the  symmetrical  deposit  of  matter  has  oc5Curred 
during  the  formation  of  the  crystal  (see  ik^  Im,  and  no^  Fig.  181). 

Amorphous  (without  form)  designates  the  absence  of  crystalline 
fonn  ana  structure,  as  in  acacia,  starch,  gelatin,  etc. 
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Dimorphous  or  trimorphoua  (of  two  or  three  forms)  indicates  that 
the  substance  occurs  in  two  or  three  distinct  crystalline  forms,  as 
carbon,  sulphur,  etc. 

Polymorphous  means  of  many  forms. 

Isomorphous  (of  the  same  form)  indicates  that  two  or  more  sub- 
stances to  which  the  term  is  applied  crystallize  in  the  same  form ; 
thus  the  chlorides,  iodides,  ana  bromides  of  sodium  and  potassium 
are  isomorphous.  Isomorphous  bodies  are  known  to  resemble  each 
other  also  in  chemical  composition,  and  to  permit  of  a  ready  inter- 
change of  constituents,  as  in  the  case  of  the  various  alums. 

Ofavage  is  the  tendency  of  most  crystals  to  split  in  particular 
directions,  affording  usually  even  and  frequently  polished  surfaces,  the 
direction  being  always  parallel  with  the  planes  of  the  axes,  or  with 
others  diagonal  to  these.  While  some  crystals  cleave  very  easily,  in 
others  this  tendency  is  scarcely  discernible. 

Tabular  crystals  are  such  as  crystallize  in  fiat  plates,  as  potassium 
chlorate,  iodine,  strontium  iodide,  etc. 

Laminar  crystals  are  such  as  crystallize  in  thin  plates,  as  acet-- 
anilid,  naphtol,  calcium  hypophospbite,  etc. 

Adcular  crystals  are  such  as  occur  needle-shaped,  as  aloin,  cin* 
chonidine  sulphate,  quinine  salts,  etc. 

Prismatic  crystals  are  such  as  resemble  a  prism,  being  extended 
chiefly  in  the  direction  of  the  longest  axis,  as  salicylic  acid,  san- 
tonin, cinchonine  sulphate,  etc. 

OrUiometrio  refers  to  the  measurement  of  the  angles,  and  is  used 
to  signify  that  the  three  axes  intersect  each  other  at  right  angles. 

Clinomelrie  refers  to  the  intersection  of  the  axes  at  oblique 
angles. 

Holohedraly  applied  to  crystalline  forms,  signifies  that  the  full 
number  of  faces  required  by  perfect  symmetry  are  present. 

Hemihedral  signifies  that  only  one-half  the  number  of  faces  re- 
quired by  full  symmetry  are  present. 

Crystals  are  formed  accoraing  to  fixed  laws  of  Nature,  and  there 
can  be  no  doubt  that  the  force  of  cohesion  plays  an  important  part 
in  their  formation ;  but  no  one  knows  how,  nor  why,  the  molecular 
particles  of  certain  substances  arrange  themselves  into  symmetrical 
deposits,  around  a  common  centre,  in  a  manner  to  give  rise  to 
numerous  distinct  and  definite  forms. 

The  large  variety  of  forms  in  which  crystals  appear  depends  en- 
tirely upon  the  number  and  length  of  the  axes  and  their  relative 
inclination — that  is,  the  angles  at  which  they  intersect  each  other. 
All  crystalline  forms  have  been  reduced  by  scientists  to  two  main 
groups,  the  orthometric  and  the  clinometric  groups  (see  above),  and 
these  have  again  been  subdivided  int^)  six  systems :  the  orthometric 
group  comprises  the  regular,  quadraiicy  rhombic,  and  hexagonal  sys- 
tems ;  the  clinometric  group,  the  monoclinic  and  triclinic  systems. 
As  all  crystals  belong  to  one  or  the  other  of  these  systems,  the  salient 
features  of  each  should  be  studied. 
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1.  The  Regular  System,  also  Icdowo  as  tlie  Mouometric,  Cubic, 
!)ctJihedra1,  or  Tessular  System. 

Crystals  of  this  system  have  three  axes  of  equal  length,  which 
ntersect  each  other  at  right  angles,  as  shown  in  Fig.  182. 

The  fundamental  forms  of  this  system  are  the  cube  and  theocts- 
ledroD  (Figs.  183  and  184). 


Fig.  183. 

--^ 

^^1 

„.^ 

regular  eygtem. 


Alum,  phosphorus,  arsenic  trioxide,  diamonds,  alkali  iodide 
chlorides,  fluorides,  and  cyanides,  as  well  as  many  metals  and  tiiei 
ulphides,  crystallize  in  this  system. 

2.  The  Quadratic  Syetem,  alsn  known  as  the  Dimetric,  Sqiuc 
?ri8matic,  or  Tetragonal  System. 

Fia.  184.  Fio.  1S5. 


le  quadralic  tjaUm. 


Crystals  of  this  system  have  three  axes  intersecting  each  other 
■ight  angles,  two  of  which  are  of  equal  length  and  one  either  lonf 
)r  shorter  than  the  other  two;  the  two  equal  axes  are  call 
lecondarv  axes,  while  the  third  is  termed  the  primary  axis  (: 
Fig.  185). 
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The  fundamental  forms  of  this  system  are  the  quadratic  octa* 
hedron  (also  called  square-based  double  pyramid)  and  the  right- 
square  prism  (Figs.  186  and  187).  The  pyramids  of  this  system 
have  square  bases. 


Fig.  186. 


Fig.  187. 


Quadratic  octahedron. 


Right-square  or  quadratic  prism. 


Among  the  modified  forms  are  the  truncated  quadratic  octahedron 
(Fig.  188)  and  the  quadratic  pyramidal  prism  (Fig.  189). 


Fio.  188. 


Fig.  189. 


Truncated  quadratic  octahedron. 


Quadratic  prism  with  pyramidal  ends- 


Potassium  ferrocyanide,  calomel,  nickel  sulphate,  boron,  tin, 
stannic  oxide,  magnesium  sulphate,  zinc  sulphate,  etc.,  crystallize  in 
this  system. 

3.  TTie  Rhombic  System^  also  known  as  the  Trimetric  or  Right 
Prismatic  System. 
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Ciystala  of  this  ayatem  have  three  uaequal  axes  intersecting  eaeh 
other  at  right  angles,  shown  in  Fig.  190.     The  fundamental  form 
of  this  system  is  the  rhombic  octahedron 
or   right   rhombic   double    pyramid   (see  I^<^- 1^'- 

Fig.  191).  A  modified  form  is  the  rhom- 
bic six-sided  prismatic  pyramid  (Fig. 
192)l 

PotassiuQi  sulpliateand  nitrate,  resorcin, 
zinc  sulpliate,  citric  acid,  io<1ine,  Rochelle 
chloride,  barium  chloride, 


Rhombic  ocUhedron. 


tartar  emetic,  codeine,  salicylic  acid,  piperin,  Fpsom  salt,  silver 
nitrate,  ammonium  sulphate,  cream  of  tartar,  etc.,  crystallize  in  this 
state. 

4.   Tht  Hexagotial  or  Bhombohedral  Syatem.     Crystals  of  this 
system  have  four  axes  three  of  which  are  of  equal  length  and  are 


Fig.  192. 


Fro.  193. 


:^ 


called  secondary  axes,  whilst  the  fourth,  known  as  the  primary  axi: 
is  either  longer  or  shorter  than  the  other  three.  The  primary  axi 
19  at  right  angles  to  the  plane  of  the  secondary  axes,  which  intersec 
each  other  at  acute  angles  (see  Fig.  193). 
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The  fuDdamental  form  is  the  double  six-sided  pyramid  (Fig.  194). 
The  rhombohedron  (Fig.  195)  and  the  regular  six-sided  prism  (Fig. 
196)  are  modifications  of  this  system. 


FiQ.  194. 


Fig.  196. 


Double  six-sided  pyramid. 


Bhombohedion. 


Sodium  nitrate^  camphor,  graphite,  ammonium  chloride,  ice, 
calcspar,  thymol,  metallic  bismuth  and  antimony,  arsenic,  silicic 
acid,  etc.,  crystallize  in  this  system. 

5.  The  Monoelinic  System^  also  known  as  the  Monosymmetric, 
Clinorhombic,  or  Oblique  Prismatic  System. 

Crystals  of  this  system  have  three  unequal  axes,  two  being 
obliquely  inclined  to  each  other,  the  other  axis  forming  right  angles 
with  these  two  (see  Fig.  197). 


Fio.  196. 


Fig.  197. 


Fig.  198. 


Six-sided  prism. 


Axes  of  the  monodimic  system.     Monoelinic  doable  pyramid. 


The  fundamental  forms  of  this  system  are  the  monoelinic  double 
pyramid  or  octahedron  (Fig.  198),  and  the  monoelinic  prism  (Fig. 
199). 

Ferrous  sulphate,  borax,  lead  acetate,  cupric  acetate,  tartaric 
acid^  potassium  chlorate,  and  sodium  acetate,  sulphate,  thiosulphate, 
phosphate,  and  carbonate  crystallize  in  this  system. 

6-  The  Triclinic  System,  also  known  as  the  Asymmetric,  Clino- 
rhombohedral,  or  Doubly  Oblique  Prismatic  System. 
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This  is  the  least  regular  of  all  the  systems,  the  crystals  having 
unequal  axes,  ail  obliquely  inclined  to  one  another  (see  Fig.  200). 


Honoellnlc  priim. 

The  fundamental  forms  of  this  system  are  the  triclinic  priem  (Fig. 
201)  and  the  triclinic  octahedron  or  double  pyramid  (Fig.  202). 

Cupric  sulphate,  potassium  dichroraate,  gypsum,  boric  acid,  man- 
ganous  sulphate,  etc.,  crystallize  in  this 
system.  Fio.  202. 

The  pyramidal  form  of  crystals  is 
found  in  all  the  systems  above  de- 
scribed, while  the  cube  is  confined  to 
the  regular  system,  and  pnsms  are  met 

Fio.  201. 


in  all  bat  the  regular  system.  The  proper  classilication  of  a  crysta 
may  be  determined  by  measurement  of  the  angles  and  subsequen 
calculation  of  the  length  and  inclination  of  the  axes;  the  instrumen 
used  for  this  purpose  is  known  as  a  goniometer. 

Various  methods  are  emplovi'd  for  obtaininff  crystals,  dependen 
upon  the  nature  of  the  substance  to  be  crystallised :  thus,  dv  sub 
limation  ;  by  deposition  from  supersaturated  solutions  as  they  cool 
by  deposition  from  solutions  during  slow  evaporation  of  the  solvent 
by  precipitation  ;  by  fusion  and  partial  cooling ;  by  the  action  of  . 
galvanic  current  upon  a  solution;  and  by  the  addition  of  a  sub 
stance  having  a  strong  affinity  for  the  solvent,  tliereby  withdrawin: 
it  from  the  solution.  The  method  generally  followed  is  the  gradiia 
E^paration  from  supersaturated  solutions  as  they  cool ;  if  a  solulio 
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of  saline  matter  made  with  aid  of  heat  is  allowed  to  oool  slowly^  the 
water  will  gradually  evaporate^  and  in  some  cases  a  part  of  it  will 
unite  intimately  with  the  soluble  substance  to  form  crystals.  Water 
which  is  thus  appropriated^  and  which  is  essential  to  the  constitution 
of  the  crystals,  is  called  wcder  of  crystaUizatwn  ;  it  varies  greatly  for 
different  substances,  ranging  from  5  to  60  per  cent,  of  the  weight  of 
the  crystals.  Crystalline  bodies  in  which  this  water  is  entirely  absent 
are  said  to  be  anhydrous.  Some  salts  combine  with  various  propor- 
tions of  water  of  crystallization  according  to  the  temperature  at  which 
crystallization  takes  place,  the  crystals  assuming  different  forms 
according  to  the  amount  of  water  taken  up ;  sodium  carbonate^  sodium 
phosphate^  and  zinc  sulphate  are  examples  of  this  class. 

Some  crystals  will  part  with  a  portion  of  their  water  of  crystal- 
h'zation  when  exposed  to  the  air,  particularly  if  the  latter  is  slightly 
warm ;  they  gradually  lose  their  transparency  and  the  surface  be* 
comes  opaque  from  the  separation  of  ary  powder.     This  change  is 
termed  effloreaoenccy  and  is  frequently  observed  in  Epsom  salt,  sodium 
carbonate,  and  borax.     Other  crystals  are  inclined  to  absorb  moisture 
from  the  atmosphere,  and  in  some  instances  to  such  an  extent  as  even 
to  liquefy ;  the  terms  hygroBcopidty  and  deliqueacence  are  used  to  desig- 
nate this  peculiar  property,  the  latter  applying  to  the  more  aggravated 
form.     Potassium  hypophosphite,  zinc  chloride  and  iodide,  potassium 
acetate  and  carbonate,  and  litnium  bromide  are  examples  of  deliques- 
cent crystals.     As  a  rule,  crystals  containing  water  of  crystallization 
do  not  absorb  moisture  from  the  air,  although   calcium   chloride^ 
potassium  citrate,  and  sodium  hypophosphite  are  marked  exceptions. 
Besides  the  water  needed  for  crystallization,  some  is  also  at  times 
mechanically  retained  within  the  crystal  during  the  formation  of  the 
latter,  and  is  violently  expelled  upon  application  of  heat ;  such  water 
is  called  tnterstitial  water^  because  it  fills  small  interstices  or  spaces 
in  the  crystal,  and  water  of  decrepitation^  because  it  causes  the  crys- 
tals to  decrepitate  or  crackle  when  heated,  due  to  slight  explosions 
caused  by  the  escape  of  aqueous  vapor  from  a  confined  space.     It  is 
impossible  to  crystallize  by  a  single  operation  all  of  the  substance 
held  in  solution — a  portion  will  remain  in  solution  in  some  of  the 
water,  and  this  liquid  constitutes  the  mother-liquor,  which  also  retains 
the  more  soluble  impurities.     By  further  concentration  the  mother- 
liquor  may  be  made  to  yield  additional  crops  of  crystals. 

The  time  necessary  to  complete  crystallization  will  vary  with  the 
nature  of  the  dissolved  body ;  the  end  may  be  assumed  to  have  been 
reached  when  the  solution  has  attained  the  temperature  of  the  sur- 
rounding atmosphere,  and  the  time  for  this  must  vary,  since  the  dis- 
solved body,  by  again  taking  on  the  solid  form,  is  continually  giving 
out  latent  heat  to  the  surrounding  solution,  and  thus  the  actual  cool- 
ing is  retarded.  For  small  quantities  and  not  very  soluble  substances 
twenty-four  to  thirty-six  hours  should  be  allowed,  while  large  volumes 
of  solution  of  readily  soluble  matter  will  require  from  three  to  six  or 
eight  days. 
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In  order  to  obtain  large  and  well-formed  crystals  the  solution 
should  not  be  made  too  concentrated^  and  should  be  carefully  filtered 
to  obtain  a  perfectly  clear  liquid,  which  should  be  allowed  to  remain 
undisturbed  and  protected  against  dust^  in  a  moderate  temperature ; 
it  is  the  very  slow  evaporation  of  the  solvent  that  enables  the  par- 
ticles of  dissolved  matter  to  arrange  themselves  harmoniously  and 
symmetrically  around  the  centre  of  the  crystal  forming.  Perfect  rest 
is  equally  essential,  as  agitation  of  the  crystallizing  solution  tends  to 
disturb  the  gradual  uniform  deposit  and  causes  the  K)rmation  of  small 
and  imperfect  crystals,  as  in  the  case  of  commercial  magnesium  sul- 
phate, zinc  sulphate,  etc. 

The  proper  degree  of  concentration  of  the  solution  must  be  de- 
termined by  the  solubility  of  the  substance  to  be  crystallized.  If  the 
substance  is  only  moderately  soluble,  the  solution  may  be  evaporated 
until  a  crystalline  crust  or  pellicle  begins  to  form  on  the  top  of  the 
liquid ;  but  in  the  case  of  very  soluble  substances  such  a  degree  of 
concentration  would  be  too  great,  and  a  better  plan  is  to  evaporate 
the  solution  until  a  small  portion  transferred  to  a  glass  plate  crystal- 
lizes within  a  reasonable  length  of  time.  In  large  operations  the 
manufacturer  relies  upon  the  density  of  the  solution  as  indicated  by 
the  hydrometer,  and  evaporation  is  continued  to  such  a  point  as  ex- 
perience has  taught  to  be  most  desirable  for  perfect  crystallization. 

The  vessels  best  adapted  for  crystallization  are  deep  rough-glazed 
stoneware  basins,  called  crystallizers,  frequently  arranged  with  a  hp 
to  facilitate  decantation  of  the  mother-liquor ;  wooden  vats  are  also 
extensively  employed  by  manufacturing  chemists,  and  in  some  cases 
these  are  linea  with  lead.  For  very  small  operations  glass  or  por- 
celain dishes  may  be  employed,  but  their  smooth  surface  is  not  favor- 
able to  the  deposit  of  crystals. 

Crystallization  is  often  facilitated  by  placing  insoluble  foreign 
substances  in  the  solution,  which  form  starting-points  or  nuclei  for 
the  process,  and  to  which  the  crystallizing  substance  readily  attaches 
itself;  pieces  of  string,  wire,  wood,  etc.,  may  be  used  for  the  pur- 
pose. Sugar  is  thus  crystallized  in  the  form  of  rock-candy,  by 
stretching  strings  transversely  across  the  boxes  and  tubs  into  which 
the  syrup  is  poured. 

Since  crystals  do  not  increase  in  size  from  within,  as  do  animals 
and  plants,  but  grow  from  without,  by  deposition  of  solid  matter 
upon  their  surface,  it  is  possible  to  procure  large  and  well-formed 
crystals,  for  specimen  purposes,  by  suspending  a  crystal  in  a  satu- 
rated solution  of  its  own  constituent  matter.  This  proceeding  may 
be  termed  nursing  a  crystal.  Isomorphous  crystals  are  capable  of 
growing  in  each  other's  solution ;  hence  if  a  crystal  of  potassium 
alum  be  suspended  in  a  solution  of  ferric  alum  or  chrome  alum,  the 
latter  will  be  found  uniformly  deposited,  and  thus  a  complete  envel- 
ope of  chrome  or  ferric  alum  will  grow  on  the  original  crystal  of 
potassium  alum. 


CHAPTER    XII. 

CLASSIFICATION  OF  THE  NATURAL  PRODUCTS  USED  IN 

PHARMACY. 

Plants,  either  spontaneously  or  after  subjection  to  various 
processes,  yield  certain  vegetable  substances  which  are  extensively 
employed  in  pharmacy,  and  which,  owing  to  their  diflferent  charac- 
teristics as  to  composition,  solubility,  etc.,  have  been  divided  into 
distinct  classes,  thus :  gums,  resins,  oleoresins,  gum-resins,  balsams, 
fats,  volatile  oils,  etc.  Unfortunately  the  names  which  from  long 
usage  have  been  applied  to  some  drugs  are  not  in  all  cases  indica* 
tive  of  their  nature ;  hence  a  knowledge  of  the  characteristic  proper- 
ties of  each  class  of  plant  products  is  essential  to  guard  against 
errors  in  nomenclature,  which  are  of  daily  occurrence  in  commercial 
transactions ;  for  instance,  the  names  balsam  of  fir  and  balsam 
copaiba  are  applied  to  substances  belonging  to  the  class  of  oleo- 
resins, and  not  containing  any  of  the  principles  which  characterize 
the  balsams ;  gum  guaiao  and  gum  maMiche  are  true  resins ;  gum 
bejizoin  belongs  to  the  class  of  balsams ;  and  gum  opium  is  an  in- 
spissated juice  of  complex  composition.  None  of  the  four  last-named 
substances  possesses  any  of  the  properties  of  the  gums. 

True  gums  are  amorphous  exudations  wholly  soluble  in  cold 
water,  which  are  not  affected  by  iodine,  but  are  precipitated  by 
alcohol  and  solution  of  lead  subacetate,  the  latter  being  a  most  deli- 
cate reagent  for  the  presence  of  gums.     Neutral  or  normal  lead 
acetate  is  readily  miscible  with  solutions  of  the  true  gums,  of  which 
acacia  may  be  taken  as  a  type.     A  class  of  substances  formerly 
called  gums  are  now  more  appropriately  known  as  mucilages,  because 
they  differ  in  several  respects  from  true  gums ;  they  are  not  com- 
pletely soluble  in  water  (cold  or  hot),  but  absorb  the  same,  and  in 
some  instances  swell  to  a  gelatinoid  mass.    Mucilages  are  frequently 
mixed  with  starch,  which  is  easily  detected  by  the  blue  color  pro- 
duced upon  addition  of  iodine  solution.   Tragacanth  and  the  gummy 
constituents  of  flaxseed,  elm  bark,  quince  seed,  etc.,  belong  to  the 
class  of  mucilages. 

Resins  are  secretory  products,  in  some  instances  the  result  of 
oxidfition  of  volatile  oils,  and  are  widely  diffused  in  the  vegetable 
kingdom ;  they  are  wholly  insoluble  in  water,  except  in  the  pres- 
ence of  caustic  alkalies,  but  are  readily  soluble  in  alcohol,  ether, 
and  chloroform,  and  frequently  in  fixed  and  volatile  oils.  Resins 
are    mostly  solid  and  brittle  at  ordinary  temperatures,  generally 

201 


102  GENERAL  PHARMACY. 

morphous,  readily  fusible  and  inflaromable,  become  negatively 
lectric  by  friction,  decompose  before  volatilizing,  and  are  precipi- 
ated  from  their  solutions  by  water  and  acidg.  Pine  resin,  masticne, 
alap  resin,  and  giiaiac  resin  are  examples  of  this  valuable  class  of 
ilant  products. 

Oleoresins  occupy  a  position  intermediate  between  resins  proper 
nd  volatile  oils,  and  partake  of  tlie  properties  of  both  classes; 
heir  existence  confirms  the  view  held  as  to  the  formation  of  some 
esins  in  plants,  and  their  consistence  varies  with  the  relative  pro- 
ortions  of  resin  and  volatile  oil.  Like  the  resins  proper,  nleo- 
esins  are  insoluble  in  water,  but  mluble  in  alcohol  and  ether ;  they 
lossess  a  marked  odor,  due  to  the  volatile  oil  present,  which  latter 
an  be  separated  by  distillation,  leaving  the  resin  as  a  solid  residue. 
V'hite  turpentine  is  an  example  of  solid  oleoresins,  and  copaiba  of 
[quid  oleoresins. 

Gum-resins  exist  in  plants  in  the  form  of  an  adhesive  milky 
nice  composed  of  variable  mixtures  of  resin  and  gum  suspended 
1  water;  they  are  obtained  as  exudations,  by  wounding  the  stem 
r  root  of  the  plant  and  allowing  the  juice  to  dry  spontaneously, 
^he  proportion  of  gum  and  resin  varies  considerably,  not  only  for 
ifferent  gum-resins,  but  also  for  different  samples  of  the  same 
um-re&in,  and  those  lots  are  most  valuable  which  contain  the 
irgest  amount  of  resin.  The  activity  of  the  drug  resides  wholly 
1  the  resin,  and  this  fact  is  taken  into  consideration  in  the  official 
jrmulas  for  the  tinctures  of  asafetida  and  myrrh.  A  peculiarity 
f  all  gum-resins  is  that  when  properly  triturated  with  water  they 
ield  milk-like  mixtures,  termed  emulsions,  which  fact  is  due  to  the 
uspension  of  very  finely  divided  resin  in  the  solution  of  gum; 
tiese  milk-like  mixtures  cannot  be  obtained  if  the  commercial  finely 
owdered  gum-resins  be  triturated  with  water,  but  require  the  use 
f  the  natural  product  in  coarse  powder.  As  prominent  gum- 
Esins,  may  be  mentioned  asafetida,  myrrh,  scammony,  and  ammo- 
iac. 

Balsams  are  either  resinous  or  oleoresinous  secretions  containing 
enzoic  or  cinnamic  acid,  or  Ixjth  ;  it  is  the  presence  of  these  acids 
'hich  distinguishes  the  balsams  from  ordinary  resins  and  oleoresins. 
■nlsams  are  soluble  in  alcohol,  ether,  and  chloroform,  but  insoluble 
1  water,  although  the  balsamic  principles  can  be  extracted  by  sul>- 
mation  or  by  treatment  with  hot  water.  Benzoin  and  balsam  of 
>lu  are  examples  of  resinous  bal^ms,  while  etorax  and  balsam  of 
'eru  belong  to  the  oleoresinous  variety. 

The  fats  used  in  pharmacy  are  derived  mainly  from  the  v^etable 
ingdom,  although  a  few  animal  products  belonging  to  the  same  class 
re  also  employed.  When  liquid  at  ordinary  temperature  they  are 
sually  designated  as  fixed  oils,  although  this  name  is  also  applied 
)  one  vegetable  fat,  solid  and  even  brittle  at  15°  C.  (59"  F.); 
'hen  strictly  pure  they  are,  as  a  rule,  colorless,  odorless,  and  taste- 
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less.     Fats  proper  are  of  a  soft  consistence  and  mostly  yield  liquid 
fats  when  subjected  to  a  gradually  increased  pressure ;  those  of  a 
firmer  consistence  are  usually  termed  tallows   or  suets,  and  such 
as  are  brittle  at  common  temperatures  are  known  as  waxes,  but 
these  latter  are  not  true  fats.     The  origin  of  fixed  oils  in  plants 
is  supposed  to  be  the  starch,  while  in  animals  fats  are  derived  from 
the  carbohydrates  and  fitts  consumed.     Fats  are  lighter  than  water^ 
and  insoluble  in  that  liouid ;  sparingly  soluble  in  cold  alcohol,  with 
one  or  two  exceptions ;  but,  as  a  rule,  freely  soluble  in  ether,  chloro- 
form, petroleum  benzin,  carbon  disulphide,  benzene,  etc. ;   a  hot 
alcoholic  solution  of  fats,  in  most  instances,  will  deposit  them  in  a 
crystalline  condition  upon    cooling.      All  fats,  whether  liquid  or 
solid,  are  greasy  to  the  touch,  and  when  dropped  upon  paper  pro- 
duce a  stain  which  cannot  be  dissipated  by  heat;  they  have  boiling- 
points  varying  from  260°  to  300°  C.  (500°  to  672°  F.),  and  fre-^ 
quently,  when  thus  heated,  undergo  decomposition  and  give  off 
acrid,  irritating  vapors.     Fixed  oils  usually  have  a  specific  gravity 
of  from  0.900  to  0.930  at  15°  C.  (59°  F.),  though  occasionally  as 
high  as  0.970,  as  in  the  case  of  castor  oil ;  many  oils  do  not  congeal 
until  the  temperature  has  fallen  considerably  below  0°  C.  (32°  F.)^ 
while  others  deposit  solid  matter  at  10°  C.  (50°  FX     Like  water^ 
fixed  oils  expand  upon  congealing,  and  have  been  known  to  burst 
the  vessels  containing  them.     Fats  are  not  inflammable,  but  will 
burn  more  or  less  readily  with  the  aid  of  a  wick.     Nearly  all  vege- 
table and  animal  fats  consist  of  a  mixture  of  two  or  more  fats,  and 
when  exposed  to  the  air  become  oxidized,  many  of  them  gradually 
acquiring  a  disagreeable  odor,  due  to  the  liberation  of  odorous  fatty 
acids ;  this  condition  is  known  as  rancidity y  and  may  be  avoided  by 
keeping  the  fats  as  free  from  moisture  as  possible,  in  air-tight  con- 
tainers stored  in  a  dry,  cool,  and  dark  place.     Sancid  fats  may  be 
improved,  and  to  a  certain  extent  restored,  by  washing  them  with 
warm  water,  or  by  treating  them  with  magnesia  or  other  weak 
alkali,  and  afterward  washing  them  well.     During  the  oxidation  of 
fets  by  exposure  to  air  heat  is  always  developed,  and  certain  fabrics^ 
such  as  woollen  and  cotton  rags,  which  are  known  to  be  poor  con- 
ductors of  heat,  are  liable  to  spontaneous  ignition  if  saturated  with 
fats  and  exposed  to  the  air  for  some  time.     Fixed  oils  may  be  con- 
veniently divided  into  drying  and  non-crying  oils ;  the  former  upon 
exposure  to  air  gradually   thicken,  and   if  in   thin   layers   form 
varnish-like  masses,  whereas  the  non-drying  oils  remain  fluid  and 
become  rancid. 

Although  fats  are  found  in  various  parts  of  plants,  those  intended 
for  use  are  collected  exclusively  from  the  fruit  and  seed,  and  are 
obtained  either  by  expression  or  by  extraction  with  some  suitable 
solvent;  the  former  proceas  yields  somewhat  lower  results,  but  is 
preferred  because  less  troublesome  and  productive  in  many  cases  of 
a  superior  article.     In  Fig.  203  is  shown  an  hydraulic  press  exten- 
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sively  used  fur  the  expression  of  mustard,  cottonseed,  and  linseed 
oils.  The  crushed  material,  after  being  heated  somewhat,  is  placed 
in  sacks  or  press-cloths  between  the  series  of  plates,  and  preaeure 
applied  from  below,  the  oil  being  collected  in  the  lai^e  boi  or 
trough,  and  from  there  delivered  mto  the  receiving  vessel.  The 
residue  from  certain  seed  expressions  is  used,  under*the  name  of  oil- 
eaie,  as  food  for  cattle  and  hogs  and  for  fertilizing  purposes.    Cold 

Fro.  203. 
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expression  yields  a  finer  oil  than  when  heat  is  employed,  although 
lilight  warming  is  generally  resorted  to  so  as  to  render  the  oil  more 
fluid  in  the  seed  and  thus  insure  a  better  flow.  Expressed  oils  an 
always  more  or  less  contaminated  with  impurities,  such  aa  mticil^- 
nous  and  albuminous  matters,  which  are  removed  by  allowing  th( 
oil  to  settle  in  laige  tanks  and  drawing  off  the  clear  liquid.     Fre- 
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Siuently  filtration  is  employed  for  improving  the  quality  of  the  oil, 
elt  or  flannel  bags  being  best  adapted  for  this  purpose.  When 
purification  of  fixed  oils  becomes  necessary,  they  are  treated  either 
with  sulphuric  acid,  caustic  alkalies,  zinc  chloride,  tannin,  or  alkali 
carbonates,  and  subsequently  washed  with  hot  water,  after  which 
they  are  carefully  decanted. 

The  extraction  of  fixed  oils  is  conducted  in  specially  constructed 
extractors,  frequently  so  arranged  that  the  solvent  is  made  to  act 
upon  successive  portions  of  crushed  seed,  the  saturated  solution  of 
fat  being  then  transferred  to  a  suitable  distilling  apparatus,  where 
the  solvent  is  recovered,  to  be  used  again  for  subsequent  operations. 
The  solvents  usually  employed  are  petroleum  benzin  of  low  boiling- 
point  and  carbon  disulphide  ;  the  oil  is  obtained  in  lai^r  quantity 
than  by  expression,  and  is  free  from  many  impurities  onen  ^und  in 
expressed  oils. 

Fixed  oils  are  frequently  subjected  to  a  bleaching  process,  which 
consists  in  treating  the  oil  with  solution  of  hydrogen  aioxide,  potas- 
sium permanganate,  potassium  dichromate,  chlorine,  or  sulphurous 
acid ;  of  these  methods,  the  hydrogen  dioxide  process  is  preferable, 
as  it  is  least  liable  to  injure  the  oil,  while  the  use  of  other  bleaching 
agents  necessitates  repeated  washing  of  the  oil  with  water  and  even 
weak  alkali  solutions  to  remove  acid  oxidation  products. 

The  adulteration  of  fixed  oils  is  effected  by  mixing  the  finer  and 
more  valuable  oils  with  inferior  and  cheaper  varieties,  and  as  the 
crude  methods  of  former  years  are  no  longer  practised,  a  better 
knowledge  of  the  chemical  behavior  of  fats  and  fixed  oils  is  neces- 
sary at  the  present  day.     Caustic  and  carbonated  alkalies  are  prac- 
tically without  effect  upon  fats  and  fixed  oils  in  the  cold  unless  free 
acids,  due  to  rancidity,  be  present ;  a  more  or  less  uniform  mixture 
results,  but  no  chemical  change  is  produced.     If  l)oiled  together 
with  solutions  of  alkali  hydroxide  or  carbonate,  all  fats  and  fixed 
oils  used  in  pharmacy,  with  the  exception  of  lanolin,  wax,  and  sper- 
maceti, readily  undergo  saponification  and  form  water-soluble  com- 
pounds, known  as  soaps,  glycerin  being  liberated  at  the  same  time. 
Drying  oils  may  be  distinguished  from  non-drying  oils  by  their 
behavior  with  sulphuric  and  nitrous  acids.     If  50  Gm.  of  a  fixed 
oil  be  mixed  with  10  Cc.  of  concentrated  sulphuric  acid,  heat  will 
be  developed  varying  in  intensity  for  different  oils,  the  drying  oils 
always  showing  the  greatest  rise  in  temperature ;  thus,  while  olive 
oil  increases  42  decrees  C.  in  temperature,  castor  oil  47  degrees  C, 
and  oil  of  alraondf  52  degrees  C,  hempseed  oil  will  show  a  rise  of 
98  degrees  C.  and  linseed  oil   103  degrees  C.     When  mixed  with 
nitrous  acid,  non-drying  oils  will  gradually  be  converted  into  a  solid 
mass,  while  drying  oils  remain  fluid  even  after  prolonged  contact, 
although  a  few  become  somewhat  thicker.     The  test  is  made  by 
agitating  for  a  short  time  1  part  of  copper  foil  with  5  parts  each  of 
nitric  acid  and  the  oil,  and  setting  the  mixture  aside  for  about  six 
hours,  when  solidification  is  generally  completed.    Among  the  promi- 
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nent  aoD-drying  oib  iire  olive  oil,  castor  oil,  almond  oil,  lard  oil, 
sesame  or  benne  oil,  crotoo  oil,  colza  or  rapeseed  oil,  and  ground- 
nut  oil ;  while  the  fuilowiog  belong  to  the  drying  oils :  liaaeed  oil, 
cotton-seed  oil,  poppy-seed  oil,  hemp-seed  oil,  and  walnut  oil. 

Animal  fate  are  usually  obtained  by  rendering  over  a  slow  Gre 
and  then  straining  to  remove  the  particles  of  membranous  tissue. 

The  chief  use  of  fata  in  pharmacy  is  in  tlie  preparation  of  lini- 
ments and  ointments,  and  for  this  purpose  they  should  be  absolutely 
free  from  rancidity,  and  should  be  jtreserved  in  tightly-closed,  imper- 
vious containers  in  a  cool,  dry  place. 

Of  the  fats  recognized  in  the  Pharmacopceia  7  are  of  aDimal 
origin, — lard,  lard  oil,  cod-liver  oil,  suet,  wool  fat,  spermaceti,  and 
wax  ;  and  an  equal  number  of  vegetable  origin, — castor  oil,  cotton- 
seed oil,  croton  oil,  expressed  oil  of  almond,  linseed  oil,  olive  oil,  and 
oil  of  theobroraa. 

Lard  (Adeps,  U.  S.  P.). — This  is  the  prepared  abdominal  fetof 
the  hog  derived  from  the  so-called  leaves,  and  preferably  collected 
in  the  winter  or  early  spring,  as  it  has  a  higher  fu sing-point  than 
that  collected  in  summer.  For  pharmaceutical  purposes  lard  entirely 
free  from  water  should  be  used;  such  lard,  commercially  known  as 
dehydrated  lard,  is  prepared  by  melting  leaf-lard  with  just  sufBclent 
water-bath  heat  and  then  adding  some  substance  having  great  afBaity 
for  water,  but  not  affecting  the  lard  itself,  such  as  dried  calcium 
sulphate  or  anhydrous  calcium  chloride,  sodium  sulphate,  or  magne- 
sium chloride.  After  keeping  the  melted  lard  in  contact  with  the 
dehydrating  agent  for  an  hour  or  more,  with  frequent  stirring,  it  is 
carefully  strained  and  then  stirred  until  cool.  If  much  water  la 
present  in  the  lanl,  a  dense  liquid  layer  is  likely  to  be  formed  in  the 
bottom  of  the  dish  if  either  of  the  three  last-named  salts  be  used, 
from  which  the  lard  can  be  readily  poured  off.  Dehydrated  lard  is 
now  manufactured  on  a  large  scale,  and  may  be  purchased  from  the 
leading  wholesale  druggists  at  prices  but  little  above  the  market 
price  of  ordinary  lard. 

Pure  lard  is  liable  to  become  rancid  if  kept  for  some  time,  hence 
the  Pharmacopoeia  directs  its  preservation  by  benzoinating.  This  is 
done  by  suspending  2  parts  of  coarsely  powdered  benzoin,  contained 
in  loosely  textured  cloth,  for  two  hours,  in  100  parts  of  melted  lard 
at  a  temperature  not  exceeding  60°  C  (140°  F.),  in  a  covered  vessel, 
then  straining  and  cooling.  The  balsamic  principles  of  benzoin  are 
soluble  in  the  melted  fat,  and  protect  it  afterward  against  change. 
In  summer  the  preparation,  which  is  ofBcially  known  an  Adeps  Een- 
zoinatus,  should  contain  5  ]>er  cent,  of  white  wax,  in  place  of  a  like 
quantity  of  lard,  to  render  it  firmer. 

Ordinary  commercial  lanl  is  sometimes  found  to  contain  much 
water,  starch,  alkalies,  and  table  salt,  and  occasionally  an  admixture 
of  cotton-.sec<l  oil. 

Lard  OU  {Oleum  Adinis,  U.  S.  P.).— Lard  oil  is  obtained  Iw 
«xpression  from  hi^s  lard,  the  yield  being  about  60  per  cent.     It  is 
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colorless^  and  when  cooled  to  10°  C.  (50^  F.)  it  begins  to  deposit 
granular  fat  Lard  oil  is  subject  to  adulteration  with  cotton-seed  oil 
and  paraffin  oils. 

Ood-liver  Oil  (Oleum  Morrhuse^  U.  S.  P.). — Medicinal  cod-liver  oil 
should  always  be  procured  from  fresh  livers,  by  the  aid  of  a  gradu- 
ally increased  steam  heat  not  exceeding  60°  C.  (140°  F.) ;  the  oil  is 
allowed  to  separate  from  the  watery  fluid,  and  after  it  has  been 
frozen  is  expressed  in  canvas  bags,  whereby  a  pure,  only  slightly 
colored  oil  is  obtained,  the  hard  yellow  residue,  consisting  of  stearin 
and  tissue,  being  rejected.  Cod-liver  oil  thus  prepared  keeps  well 
in  completely  filled  vessels,  and  when  cooled  to  0°  C.  (32°  F.) 
should  deposit  no  solid  fats ;  it  belong^  to  the  diying  oils,  and  if 
exposed  to  the  air  soon  thickens  and  acquires  a  disagreeably  strong 
odor  and  taste.  The  more  probable  adulterations  of  cod-liver  oil 
consist  of  seal  oil  and  other  fish  oils,  for  the  presence  of  which  the 
Pharmacopoeia  gives  appropriate  tests. 

Snet  (Sevum  Prseparatum,  U.  S.  P.). — The  suet  officially  recog- 
nized is  that  obtained  from  the  abdominal  fat  of  the  sheep,  and  is 
commonly  known  as  mutton  suet.  It  usually  is  well  washed  with 
water,  then  melted  and  strained,  but  still  is  accompanied  by  a  pecu- 
liar, rather  disagreeable  odor,  from  which  it  can  be  freed  by  filtration 
through  paper  in  a  hot- water  funnel.  Suet  turns  rancid  very  readily. 
Wool  Pat  (Adeps  Lanse,  U.  S.  P.). — The  wool  of  sheep  contains 
a  natural  grease  of  complex  composition,  which  is  readily  removed 
in  the  process  of  washing  the  wool.  If  this  grease  be  treated  with 
weak  alkalies,  repeatedly  washed  with  water,  and  then  extracted  with 
acetone,  it  yields  a  purified  fat  of  yellowish-brown  color  and  charac- 
teristic odor,  and  having  about  the  same  melting-point  as  lard.  This 
constitutes  the  official  wool  fat.  It  possesses  the  advantage  over 
other  fats  of  being  easily  miscible  with  large  Quantities  of  water  (twice 
its  weight)  without  losing  its  ointment-like  character.  When  mixed 
with  water  in  the  proportion  of  3  parts  of  the  latter  with  7  parts  of 
wool  fat,  it  constitutes  hydrous  wool  fat,  commercially  known  as 
lanolin,  and  recognized  in  the  Pharmacopoeia  under  the  title  Adeps 
Lanse  Hydrosus. 

Spermaceti  (Cetaceum,  U.  S.  P.). — Spermaceti  is  obtained  by  ex- 
pression from  the  fatty  secretion  found  in  the  cranial  cavity  of  the 
sperm  whale.  Before  the  animal  is  killed  the  fat  is  liauid,  but  after- 
ward congeals  to  a  yellow  mass ;  by  expression  a  yellow  oil  is  re- 
moved, the  residue  is  melted,  washed  with  weak  potassa  solution 
and  water,  and  finally  allowed  to  congeal.  Spermaceti  is  apt  to 
become  yellowish  and  rancid  from  age  and  when  exposed  to  air ;  it 
melts  at  about  50^  C.  (122°  F.). 

Wax,  WMte  and  Yellow  (Cera  Alba ;  Cera  Flava,  U.  S.  P.).— The 
only  wax  recognized  by  the  Pharmacopoeia  is  that  secreted  by  bees, 
and  used  by  them  in  the  construction  of  the  honey-comb.  To  obtain 
the  wax,  the  honey  is  drained  from  the  comb,  which  is  then  expressed, 
melted  in  water,  and,  after  the  impurities  have  subsided,  run  into 
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Cottonseed  Oil  (Oleum  Gossypii  Seminis,  U.  S.  P.). — The  official 
cottonseed  oil  is  refined  bleached  oil,  for  the  crude  product,  obtained 
hy  hydraulic  pressure  from  the  seed,  has  a  browu  color  and  linseed- 
like odor,  and  contains  considerable  quantities  of  albuminous  matter. 
AAer  subsiding,  the  crude  oil  is  treated  with  superheated  steam,  and 
filially  well  shaken  with  heated  weak  alkali  solution.  The  yield  of 
oil  from  cottonseed  varies  from  12.5  to  20  per  cent.  It  congeals 
when  cooled  to  0°  or  —5°  C.  (32°  or  28°  F.),  and  is  instantly  colored 
dark  reddish-brown  on  contact  with  concentrated  sulphuric  acid ;  it 
belongs  to  the  drying  oils,  but  shaken  with  nitric  acid  and  water  it 
gradually  forms  a  colored  semisolid  mass.  The  chief  use  of  cotton- 
seed oil  is  as  a  substitute  for  more  expensive  fixed  oils,  as  in  the  case 
of  some  of  the  official  liniments,  and  tnere  is  no  doubt  that  it  is  exten- 
sively employed  as  au  adulterant  for  almond,  olive,  and  other  oils. 

(hrotan  OU  (Oleum  Tiglii,  U.  S.  P.).— While  fr^h  croton  oil 
requires  from  50  to  60  times  its  weight  of  alcohol  for  solution,  the 
solability  increases  materially  with  age.  The  oil  does  not  congeal 
until  cooled  to  —16°  C.  (3.2°  F.).  Although  it  belongs  to  the 
class  of  non-drying  oils,  it  remains  liquid  if  vigorously  shaken  with 
filming  nitric  acid  and  water  and  then  allowed  to  stand  for  1  or  2 
days ;  this  behavior  distinguishes  croton  oil  from  other  non-drying 
oils  and  serves  to  detect  adulteration  with  the  latter. 

Linseed  Oil  (Oleum  Lini,  U.  8.  P.). — Much  of  the  linseed  oil 
offered  is  expressed  with  the  aid  of  heat,  as  thereby  the  yield  is 
increased  nearly  50  per  cent.  Like  expressed  oil  of  almond,  linseed 
oil  does  not  congeal  until  cooled  to  — 20°  C.  ( — 4°  F.).  It  is  solu- 
ble in  an  equal  volume  of  official  alcohol,  but  becomes  turbid  if  the 
proportion  of  alcohol  is  doubled.  Linseed  oil  is  one  of  the  best 
drying  oils  known.  The  so-called  boiled  linseed  oil  of  commerce 
should  never  be  used  in  pharmacy. 

Olive  Oil  (Oleum  Olivse,  U.  S.  P.). — ^Various  grades  of  oHv.e  oil 
are  foand  on  the  market,  the  best  being  that  commercially  known  as 
Virgin  Olive  Oil,  which  is  obtained  by  cold  expression  from  the  flesh 
only  of  the  ripe  olive.  It  is  of  a  pale-yellow  or  light  greenish-yellow 
color,  and  becomes  cloudy  at  10^  C.  (50°  F.),  congealing  to  a  whitish, 
granular  mass  at  0°  C.  (32°  F.).  Much  of  the  olive  oil  offi?red  for 
sale  is  adulterated  with  cottonseed  oil,  groundnut  oil,  or  sesame  oil. 

Oil  of  Theobtoma  (Oleum  Theobromatis,  U.  S.  P.). — This  oil, 
better  known  as  cacao  butter,  is  the  only  official  fixed  oil  solid  at 
ordinary  temperature.  It  is  obtained  to  the  extent  of  40  per  cent* 
by  expression  between  ^ot  plates  from  the  roasted  seeds  of  the  cacao 
tree,  which  subsequently  yield  the  well-known  cacao  mass  or  choco- 
late. While  brittle  at  15°  C.  (59°  F.),  it  melts  readily  at  the 
temperature  of  the  human  body,  and  for  this  reason  is  adrairablr 
adapted  for  use  as  a  vehicle  in  making  suppositories.  Cacao  butter 
is   subject  to   adulteration  with  tallow,  stearin,  and  paraffin,  the 

Eresence  of  which  can  be  detected  by  the  low  fusing-point  and  the 
igh  oongealing-point  of  the  oil. 
Volatile  oils  are  mixtures  of  those   substances  to  which,  in   a 

14 
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majority  of  cases,  the  peculiar  odors  of  plants  are  due.  AlthoDgb 
the  attribute  volatile  is  indicative  merely  of  a  physical  proper^ 
which  most  of  these  substances  have  in  common,  and  in  nowise 
refers  to  their  source,  the  designation  volatile  oil  has  been  reatriotwl 
entirely  to  volatile  products  from  the  v^etable  kingdom.  In 
recent  years  the  term  has  been  made  to  include  artificial  substances 
identical  with,  or  at  Iea<4l  closely  related  to,  such  natural  plant  prod- 
ucts. Volatile  oib  do  not  all  preexist  in  the  plant,  some  being 
the  result  of  fermentative  action  between  certain  constituents  of 
the  plant  in  the  presence  of  water,  and  others  being  produced  bj 
destructive  distillation.  Volatile  oils  may  exist  in  every  part  of 
the  plant  from   the  root  to  the  seed,  and  when  several  oils  are 

Stresent  in  different  parts  of  the  same  plant  they  will  generally  be 
bund  to  diSer  in  physical  as  well  as  chemical  properties ;  as,  for 
instance,  the  oils  of  orange  obtained  from  the  leaf,  flower,  and  rind. 
Volatile  oils  usually  occur  in  separate  cells,  as  glands  in  the  herba- 
ceous portion  and  rinds  of  many  fruits,  or  distributed  throughout 
the  interior  tissue,  or  forming  distinct  oil  tubes,  as  in  the  fruit  of 
fennel,  anise,  etc.  The  odor  of  volatile  oils,  while  in  some  instances 
due  to  their  particular  oomposition,  in  others  appears  to  be  due 
to  atmospheric  influences,  since  oil  of  turpentine  and  other  oils 
■when  rectified  in  an  atmosphere  of  carbon  dioxide  have  been  found 
devoid  of  all  unpleasant  odor,  and  yet,  when  again  exposed  to  th« 
air,  they  soon  acquired  their  characteristic  odor.  With  few  excep- 
tions, volatile  oils  are  lighter  than  water,  and  their  solubility  id 
water  is  very  variable ;  their  specific  gravities  at  26°  C.  (77°  F.] 
range  from  0.845  to  1.180.  Alwolutely  pure  volatile  oils  are  color 
less,  but  the  commercial  varieties  are  frequently  colored  yellow 
green,  blue,  red,  and  brown ;  the  color  in  most  instances  disappear 
when  the  oil  is  brought  into  solution.  Manv  volatile  oils  are  com 
pletely  soluble  in  glacial  acetic  acid,  and  all  are  soluble  in  alcohol 
but  in  proportions  varying  from  less  than  an  equal  volume  to  tei 
or  more.  They  have  but  few  properties  in  common  with  fixe< 
oils,  but  like  these  are  soluble  in  ether,  chloroform,  and  carboi 
disulphide.  Freshly  prepared  volatile  oils  are  generally  freel; 
soluble  in  benzin,  but  after  exposure  they  gradually  lose  tbi 
property,  and  often  form  turbid  mixtures  when  shaken  with  tb 
same.  When  dropped  upon  filtering  paper  they  cause  a  stain  some 
what  resembling  that  of  fixed  oils,  but  which  is  dissipated  upon  th 
application  of  heat;  the  stain  produced  by  old  or  partly  resinifie 
volatile  oils  frequently  cannot  be  removed  by  heat,  but  can  I 
readily  distinguished  from  the  stain  of  fixed  oils  by  its  shiniiij 
varnish-like  appearance  and  by  its  complete  removal  with  the  ai 
of  warm  alcohol,  the  stain  from  fixed  oils  being  devoid  of  lusii 
and  insoluble  in  alcohol.  Volatile  oils  are  inflammable,  and  b«i 
with  a  bright  but  sooty  flame;  exposed  to  air  and  light  they  ai 
more  or  less  rapidly  oxidized,  being  gradually  converted  into 
viscid  oil,  and  finally  even  into  a  solid  resin.  They  never  becon 
rancid  in  the  sense  mentioned  under  fixed  oils,  and  do  not  conta 
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glycerin.  Owing  to  the  changes  which  volatile  oils  undei^  through 
exposure  to  light  and  air,  they  should  be  preserved  in  well -stoppered 
bottles  in  a  dark  place;  amber-  or  yellow-colored  glass  is  best 
adapted  for  oil  containers,  as  it  intercepts  the  actinic  rays  of  light. 
The  addition  of  deodorized  alcohol  or  Cologne  spirit  will  also 
preserve  the  iine  aroma  of  such  oils  as  lemon  and  orange,  not  more 
Iban  5  per  cent,  by  volume  being  necessary,     Resinified  oils  may 
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be  restored  by  redistillation  with  water  or  weak  alkali,  or,  if  in 
small  quantities,  by  Cuvier's  method,  which  consists  In  shaking  the 
oil  for  fifteen  or  twenty  minutes  with  a  magma  formed  of  animal 
charcoal   and  a  solution  of  borax,  whereby  the  resinilied  portion  is 
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anited  to  the  borax  and  the  oil  I>ecoines  limpid.  The  whitening  of 
corks  in  bottles  containing  volatile  oils  is  due  to  the  presence  oF 
ozone  produced  by  the  gradual  oxidation  of  the  oil. 

The  adulterations  to  which  volatile  oils  are  sabjected  are  fixed 
oils,  alcohol,  and  highly  rectified  petroleum ;  frequently,  also,  tbe 
higher-priced  oils  are  mixed  with  cneaper  and  inferior  oils.  Filed 
oils  are  easily  detected  by  a  permanent  greasy  stain  upon  piper, 
and  by  a  non-volatile  residue  wnen  the  suspected  oil  is  subjectea  to 
distillation.  Alcohol  may  be  tested  for  in  several  ways.  If  the  oil 
be  shaken  in  a  graduate  tube  with  an  equal  volume  of  water  or 
glycerin,  and  then  allowed  to  stand  at  rest,  any  diminution  in  the 
volume  of  the  oil  would  indicate  alcohol,  and  approximately  also 
the  proportion  present ;  if  considerable  alcohol  be  present,  the  cliar- 
acteristio  lambent  blue  flame  of  burning  alcohol  will  be  observed 
if  a  portion  of  the  suspected  oil  is  ignited  in  a  dark  room ;  fused 
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calcium  chloride  and  dry  potassium  acetate  are  insoluble  in  volat 
oils,  but  in  the  presence  of  alcohol  become  soft  aJid  even  liqu 
depending  upon  the  proportion  of  alcohol ;  potassium   acetate  a 
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solpharic  acid  added  to  volatile  oils  will  generate  acetic  ether  if 
nicohol  be  present,  which  may  be  detected  by  ita  odor ;  and  aniline- 
red  is  insoluble  in  pure  volatile  oils,  but  colors  these  red  in  the 
presence  of  alcohol.  Adulterations  with  rectified  petroleum  are 
often  not  easily  detected,  and  may  require  a  careful  chemical  exami- 
nation ;  for  it,  as  well  as  for  the  inferior  volatile  oils,  the  Pharma- 
cofKcia  prescribes  appropriate  testa  under  the  head  of  the  respective 
oils  likdy  to  be  thus  contaminated. 

The  usual  method  of  obtaining  volatile  oils  is  by  distillation. 
In  some  of  the  Asiatic  countries,  where  the  world's  supply  of  a  few 
volatile  oils  is  still  obtained,  rather  crude  methods  prevail  even  at 
the  present  time.  Thus  the  plan  is  followed  of  nsing  wooden  cyl- 
indrical stills  provided  with  a  perforated  diaphragm  or  false  bottom, 
as  shown  in  Fig,  204,  on  which  the  oil-yieldtng  material  is  placed, 
water  being  put  into  the  boiler  on  which  the  still  rests  and  direct 
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heat  applied  until  the  water  boib,  and  the  boiling  continued  as  long 
as  the  distillate  shows  the  presence  of  volatile  oil.  As  shown  in  the 
iliustratioD,  the  vapors  are  condensed  in  the  cup-shaped  condenser 
above  the  still,  and  flow  from  there  into  a  suitable  receiver,  made  of 
wood  and  lined  with  tin,  whence  the  watery  portion  of  the  distillate 
Hows  back  into  the  still,  while  the  oil  rises  to  the  surface  and  is  re- 
moved when  a  sufficient  quantity  has  collected.  In  Fig.  205  may  be 
seen  the  peculiar  arrangement  of  a  wooden  still  with  tin  condenser 
for  thedistillationof  nil  of  cassia  cinnamon.  Thestill.as  in  the  pre- 
-cedin^  case,  is  provided  with  a  perforated  bottom  and  rests  upon  an 
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{Hirtion  flows  iato  another  vessel,  to  be  again  used  in  a  auhsequeat 
distillation.  A  still  cruder  apparatus,  in  use  as  recently  as  1894,  ia 
shown  in  Fig.  206.  It  is  used  for  the  distillation  of  oil  of  cajuput, 
and  consists  of  a  wooden  cask,  a,  into  which  are  placed  the  leaves 
of  tJie  melaleuca  plant  and  some  water,  and  which  is  heated  by 
means  of  a  rudely  constructed  fireplace.  The  vapors  are  carried 
through  the  tin  atill-head  b  by  means  of  a  tube  into  the  second 
cask  e,  which  is  kept  supplied  with  cold  water  running  in  through 
the  tube  d,  made  of  bamboo,  where  they  are  condensed  and  flow 
through  a  funnel-shaped  device,  made  of  cocoaniit  shell,  into  a  bottle. 
The  oil  and  water  gradually  separate,  the  oil  rising  to  the  surface 
and  the  water  flowing  into  the  tub  e  through  a  small  hole  near  the 
bottom  of  the  bottle. 

Although  the  boiling-points  of  volatile  oils  are  considerably 
aitove  that  of  water,  the  oils  pass  over  rapidly  with  the  vapor  of 
hoiling  water,  and  in  the  leading  establishments  in  this  country  and 
Europe  volatile  oils  are  now  distilled  by  passing  steam  under  pressure 
into  stills  which  contain  the  material  on  a  series  of  perforated  trays 
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ross  the  inner  body  of  the  still ;  by  this  method  com- 

lided,  the  steam  can  readily  penetrate  every  particle  of 

and  a  much  finer  quality  of  oil  results,  since  pro- 

ct  with  boiling  water  has  a  deleterious  effect   upon 

Fig.  207  represents  the  interior  of  a  modern  establish- 

distillation  of  volatile  oils  by  steam,  as  carried  on  by 

Qmel  &  Co.,  at  Ijeipzig,  Germany,  to  whom  the  author 

is  indebte<l  for  the  loan  of  this  and  other  illustrations  shown  in  this 

cliapter.     Whenever   the   volatile  oil   is   deeply  imbedded  in   the 

material,  as  in  the  case  of  cloves,  cubebs,  and  many  barks  and  seeds, 

it  is  necessary  that  this  first  be  reduced  to  a  coarse  powder  so  as  to 

facilitate  the  liberation  of  the  oil.     The  distillatCj  which  is  a  mixt- 
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holding  eome  oi]  in  solution  and  suspension,  which  is  suhsequently 
n^ined,  either  by  conveying  the  water  back  direct  to  the  still  or 
by  distilling  the  water  in  separate  stills,  freqnently  after  the  addi- 
tion of  table  salt  to  facilitate  separation  of  the  oil.  As  a  rule,  the 
layer  of  oil  floats  on  top,  except  in  those  cases  in  which  the  oil  has 
a  specific  gravity  above  1.000,  as  the  oils  of  cloves,  cassia,  gaul- 
theria,  etc.  The  lower  layer  will  flow  off  through  the  long  tube 
as  soon  as  the  liquid  in  the  flask  or  cylinder  reaches  the  height  of 
the  curve  in  the  tube,  and  will  continue  to  flow  as  long  as  distilla- 
tion continues.  When  the  upper  layer  tills  the  vessel,  the  latter 
muat  be  changed ;  or  if  it  is  provided  with  two  tubes,  as  shown 
in  Fig.  209,  the  liquid  will  pass  out  through  the  short  tube  into 
another  receptacle;  thus  the  two  layers  of  liquid  are  withdrawn 
simultaneously  almost  as  fast  as  separation  takes  place. 
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The  contrast  between  modern  distillation  of  volatile  oils  by 
xteam  and  former  crude  methods  still  practised  in  some  countries,  is 
strikiogiy  shown  in  the  two  illustrations  representing  the  distilla- 
tion of  oil  of  rose.  Fig.  210  represents  a  complete  steam  plant  for 
distillation  of  the  oil,  at  Leipzig,  Germany,  from  flowers  grown  in 
the  near-by  districts.  In  Fig.  211  is  shown  the  arrangement  of  a 
copper  still  extensively  used  by  the  Bulgarians  at  the  present  time, 
which  is  capable  of  accommodating  a  chai^  of  about  22  pounds  of 
freshly  gathered  roses  and  20  gallons  of  water. 

Besides  distillation,  other  methods  are  employed  for  obtaining 
volatjle  oils,  such  as  expression  by  baud  or  machine,  and  extraction 
by  means  of  suitable  solvents ;  for  certain  flowers  possessing  deli- 
cate fragrance,  such  as  the  violet,  heliotrope,  mignonette,  tuberose, 
etc.,  which  do  not  contain  volatile  oils  in  appreciable  quantities,  the 
treatment  with  fats  by  maceration  and  digestion,  or  the  pneumatic 
process,  is  resorted  to  for  obtaining  the  odorous  principles. 
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Expressiim  is  particularly  suited  for  those  oils  contained  in  tlie 
epidermal  cells  of  the  fruit,  as  in  the  natural  order  Anrantiaceie, 
and  yields  oils  of  superior  quality ;  the  oils  of  orange  and  lemon 
are  very  sensitive  to  neat;  and  hand-pressed  oils  always  commaiul 
a  higher  price  on  account  of  their  delicate  aromu,  A  special  appa- 
ratus, known  as  icuelle  d  piqaer  (a  pricking  basin)  (see  Fig.  212), 
is  extensively  employed  in  Soulli- 
Fio.  212.  ern  France ;     it  consists    of  a   tin 

basin  about  8  inches  in  diameter, 
studded  with  numerous  (150)  short, 
pointed  brass  needles,  and  provided 
with  a  hollow  handle.  Theoperator 
'  holds  the  l>asin  in   one   hand  and 

with  the  other,  while    rotating  the 
fruit,  he  continually  presses  it  against 
the  nee<lle-poinf8,  thus  rupturing  the 
oil-cells  and  causing  the  oil  to  flow 
into  the  handle,  whence  it  is  trans- 
ferred to  larger  vessels  and  allowed 
to  separate  from  any  fruit  juice  wilh 
which  it  has  become  contaminated. 
Another  method  of  hand-pressing  is 
practised    in    Italy,   known   as  the 
'^"^"'J.^^'JiSSS'oifif'"""''        sponge  method  ;  the  rind  of  the  fruit 
is  separated  from  the  pulp  and  cul 
into  three  or  four  strips,  which  are  held  over  a  sponge  and  expressed 
by  convex  flexion,  whereby  the  cells  are  burst  and  the  oil  is  ejected 
When  the  spoq^^e  has  become  saturated  with  oil  it  is  expressed  inl<: 
an  earthen  vessel.     The  residual  rind  is   frequently  mixed    witli 
water  and  again  expressed  in  linen  sacks,  to  yield  a  lower  gradt 
of  oil. 

The  solvents  employed  for  the  extraction  of  volatile  oils  an 
petroleum  benzin,  ether,  carbon  disulphide,  acetone,  etc.,  solutiui 
being  effected  in  tightly  closed  apparatus  by  means  of  maceratioi 
and  j)ercolation.  After  complete  extraction  of  the  volatile  oil  thi 
solvent  is  recovered  by  distillation  at  temperatures  not  affecting  tlv 
oil,  and  the  residue  must  then  be  further  purified  by  rectification 
The  chief  drawback  to  this  method  is  the  possible  extraction  ol 
other  substances  besides  volatile  oils,  such  as  resin,  &t,  etc.,  whici 
are  sometimes  eliminated  with  great  difficulty;  hence  it  is  not  em 
])loyed  to  any  great  extent. 

The  process  of  maceration  is  confined  to  the  extraction  of  delicat 
o<lors  from  flowers,  and  belongs  more  properly  to  the  art  of  pel 
fumery  than  to  pharmacy ;  although  the  odors  are  quite  marked  an 
persistent,  the  volatile  oil  in  many  flowers  is  present  in  such  snia 
quantity  that  it  cannot  be  recovered  by  distillation,  and  in  eom 
cases  is  injured  by  even  moderate  heat.  Complete  absorption  of  tV 
odorous  principle  by  fats  in  the  cold  is  practised  on  a  laige  («cale  i 
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France,  where  the  process  is  known  as  enfleurage  ;  bland,  inodorous 
iats,  such  as  purifiea  lard,  tallow,  olive  oil,  benne  oil,  and  cottonseed 
oil,  being  used  for  the  purpose.  In  the  last  three  cases  the  flowers 
are  left  in  contact  with  the  oil  in  closed  vessels  for  some  time  and 
then  strained.  When  solid  fats  are  used,  they  are  spread  thinly  on 
plates  of  glass,  and  then  covered  with  flowers,  which  are  renewed 
from  time  to  time  as  long  as  the  fat  continues  to  absorb  the  odor. 
The  fats,  impr^nated  with  the  odor  of  the  flowers,  are  finally 
scraped  from  the  glass,  and  constitute  the  well-known  French 
pomades  so  extensively  employed  in  the  manufacture  of  fine  per- 
fumery. In  order  to  extract  the  odor,  the  pomade  is  repeatedly 
shaken  (washed)  with  deodorized  alcohol,  and  the  solution  exposed 
to  cold  in  special  cylinders,  called  crystallizers,  whereby  all  trace  of 
fat  is  removed. 

The  pneumatic  method  consists  in  passing  a  current  of  air  into  a 
vessel  filled  with  fresh  flowers,  whereby  the  air  becomes  laden  with 
perfume,  and  is  then  passed  into  another  vessel  containing  fat  in  a 
fine  state  of  division,  so  that  intimate  contact  between  the  air  and 
fat  is  effected,  and  thus  the  odor  is  transferred  to  the  fat. 

Very  few  volatile  oils  are  of  simple  composition,  and  some  are 
known  to  contain  even  six  or  eight  distinct  bodies.  While  formerly 
many  arbitrary  and  erroneous  notions  were  entertained  regarding 
the  nature  of  volatile  oils,  much  light  has  been  shed  upon  their  tnie 
character  by  Wallach  and  others  during  the  past  twenty  or  twenty- 
five  years. 

Volatile  oils  may  be  conveniently  divided  into  groups  for  the 
purpose  of  facilitating  classification  and  better  study  of  general 
properties.  Thus,  Group  1  comprises  the  simple  hydrocarbon  oils, 
and  to  this  group  the  name  terpenes  is  generally  applied ;  Group  2 
comprises  oils  composed  of  variable  mixtures  of  hydrocarbons  and 
their  oxygen  derivatives,  a  few  of  the  oils  even  consisting  entirely, 
or  very  nearly  so,  of  such  oxygen  compounds ;  Group  3  embraces  a 
small  number  of  oils  characterized  by  the  presence  of  sulphur  deriv- 
atives ;  Group  4  comprises  the  empyreumatic  oils,  or  those  obtained 
by  destructive  distillation. 

The  chemical  character  and  composition  of  volatile  oils  will  be 
considered  further  on,  when  the  student's  knowledge  of  chemistry 
will  better  fit  him  for  a  proper  understanding  of  the  subject. 

Group  1. — The  hydrocarbon  oils  are  the  simplest  volatile  oils 
known,  being  composed  of  carbon  and  hydrogen  only,  and  are  de- 
rived naainly  from  the  natural  orders  Coniferse,  Leguminosse,  and 
Piperacseee.  They  are  divided  into  hemiterpenes,  terpenes,  sesqui- 
terpenes, diterpenes,  etc.  Some  of  these  are  frequently  found  present 
also  in  members  of  the  other  groups.  The  terpenes  proper  occur  in 
five  isomeric  forms  (having  the  same  centesimal  composition,  but 
different  properties),  known  as  pinene,  dipenteney  limonene,  sylvestrene, 
and  phellandrene  ;  of  these,  sometimes  two  or  three  are  found  asso- 
ciated in  the  same  oil.  As  a  class,  the  hydrocarbon  oils  are  the  least 
soluble  in  alcohol  and  water,  and  have  specific  gravities  ranging 
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natural  order  Rosacese^  suborder  Amygdalae,  The  name  nitrogen- 
ated  oils  was  formerly  given  to  this  class  because  in  their  formation 
they  are  always  accompanied  by  a  substance  containing  nitrogen^, 
hydrocyanic  acid,  which  is  present  in  variable  proportion  and  which, 
gives  to  the  oils  their  poisonous  character.  The  only  official  oil 
belonging  to  this  subclass  is  the  oil  of  bitter  almond,  which  is. 
prepared  by  mixing  freshly  powdered  bitter  almonds  with  the 
residue  lefb  after  expressing  the  fixed  oil  from  bitter  and  sweet, 
almonds,  adding  water,  and  distilling  at  a  moderate  heat.  The 
specific  gravity  of  the  oil  ranges  from  1.045  to  1.060  at  25°  C. 
(77°  F.),  and  that  of  the  purified  oil  is  about  1.032.  The  oil  is- 
sometimes  adulterated  with  nitrobenzene  or  artificial  oil  made  from 
toluene.  Bitter  almonds,  as  well  as  peach  and  apricot  seeds,  contain 
both  the  albuminous  ferment  and  the  peculiar  compound,  amy^alin,. 
necessary  for  the  reaction ;  while  sweet  almonds  contain  only  the^ 
ferment,  and  hence  will  yield  no  volatile  oil  unless  mixed  with  the^ 
bitter  variety.  The  bulk  of  "  oil  of  bitter  almond  "  is  no  doubt  now 
obtained  from  apricot  and  peach  seeds.  The  hydrocyanic  acid 
present  in  oil  of  bitter  almond  sometimes  amounts  to  as  much  as  & 
or  7  per  cent.,  and  may  be  removed  by  shaking  the  oil  with  ferrous, 
chloride  and  lime-water  and  then  rectifying  by  distillation.  Oil  of 
bitter  almond  is  soluble  in  300  parts  of  water  and  in  all  proportions- 
of  alcohol. 

Group  3. — The  oils  belonging  to  this  group,  as  in  the  preceding 
group,  are  the  result  of  fei*mentative  action,  in  which  the  livings 

i)Iant  takes  no  part  except  to  provide  the  necessary  active  principles 
or  the  subsequent  reaction  in  the  presence  of  water.  Sulphur  is. 
present  in  the  oils,  combined  with  certain  organic  radicles,  in  the^ 
form  of  sulphide  or  sulphocyanate.  Nearly  all  the  oils  of  this  class 
are  obtainea  from  members  of  the  natural  order  CrucifersB.  The^ 
Pharmacopoeia  recognizes  but  one  volatile  oil  containing  sulphur,, 
namely^  the  volatile  oil  of  mustard,  made  from  black  mustard  seed,, 
which  has  a  specific  gravity  varying  from  1.013  to  1.020  at  26°  C 
(77°  F.). 

Group  4. — Among  the  products  of  destructive  distillation  are 
certain  volatile  oils  which  are  characterized  by  a  peculiar  tarry  odor,, 
and  acid  reaction  and  a  somewhat  bitter  taste,  and  known  as  empy- 
reumatic  oils.  They  are  lighter  than  water,  and  sparingly  soluble 
in  this  liquid,  but  readily  soluble  in  alcohol.  Oil  of  cade  and  oil 
of  tar  are  the  only  empyreumatic  oils  recognized  in  the  Pharmaco- 
poeia; the  former  is  obtained  by  the  dry  distillation  of  the  wood 
of  the  prickly  cedar  (Juniperua  oxycedrus)  and  the  latter  by  dis« 
tillation  of  tar. 


PART  II. 

PRACTICAL  PHARMACY. 


The  study  of  practical  pharmacy  involves  both  galenical  and 
extemporaneous  pharmacy^  the  former  pertaining  to  the  various 
preparations  of  drugs^  the  latter  to  the  many  operations  of  the  dis- 
pensing counter.  The  different  classes  of  plant  products  used  in 
medicine,  as  well  as  the  various  methods  of  solution  and  separation, 
have  been  considered  in  previous  chapters ;  the  numerous  prepara- 
tions of  drugs  will  be  treated  after  a  plan  which,  for  a  number  of 
years,  has  proved  satisfactory  to  students,  and  although  not  based  on 
a  strictly  symmetrical  arrangement,  is  probably  in  keeping  with  the 
advance  made  by  them  in  other  branches  of  study  up  to  this  point. 
The  official  preparations  may  be  divided  into  those  of  a  strictly 
pharmaceutical  character  and  those  involving  chemical  action ;  the 
latter  class  will  be  considered  under  the  head  of  pharmaceutical 
chemistry,  where  the  preparations  of  each  element  or  compound  will 
be  grouped  together. 

The  galenical  preparations  of  the  Pharmacopoeia  may  be  classified 
as  follows:  1.  Waters;  2.  Solutions  or  Jjiquors ;  3.  Decoctions  and 
Infusions;  4.  Syrups;  5.  Mucilages,  Honeys,  and  Glycerites;  6. 
Elixirs ;  7.  Spirits ;  8.  Tinctures ;  9.  Wines  and  Vinegars ;  10.  Fluid 
Extracts ;  1 1.  Extracts ;  12.  Oleoresins  and  Resins ;  13.  Collodions ; 
14.  Emulsions;  15.  Mixtures;  16.  Pills;  17.  Lozenges  and  Confec- 
tions; 18.  Powders  and  Triturations;  19.  Granular  Effervescent 
Salts;  20.  Cerates  and  Ointments;  21.  Liniments  and  Oleates;  22. 
Plasters  and  Suppositories. 

The  operations  of  the  dispensing  counter  are  intimately  associated 
with  the  various  preparations  of  drugs  officially  recognized,  and, 
instead  of  treating  them  separately  under  a  special  head,  it  has  been 
thought  most  convenient  to  consider  them  in  connection  with  some 
of  the  subdivisions  named  above,  particularly  as  eight  classes  of  the 
official  galenical  preparations  require  remarks  and  explanations  which 
apply  equally  to  the  details  of  dispensing  pharmacy.  Certain  forms 
of  administering  medicines,  not  as  yet  recognized  in  the  Pharmaco- 
poeia, but  which  of  late  years  have  come  into  use  extensively,  such  as 
Compressed  Tablets,  Tablet  Triturates,  Hypodermic  Tablets,  Medi- 
cated Disks,  etc.,  may  be  looked  upon  as  modifications  of  the  official 
class  of  lozenges  and  studied  in  connection  with  these. 
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The  condensed  steam  from  boiler  pipes  is  sometimes  sold  as  dis- 
tilled water,  but,  unless  collected  with  care,  will  often  be  found  very 
•unsatisfactory  and  not  up  to  the  requirements  of  the  Pharmacopoeia. 
In  the  manufacture  of  distilled  water  all  contact  with  iron  and  lead 
should  be  avoided,  and  either  glass  or  pure  tin  apparatus  used, 
especially  for  the  condensation  of  the  vapors.  The  occasional 
appearance  of  confervse  (microscopic  plants)  in  distilled  water  is 
due  to  the  presence  of  minute'  spores  derived  from  the  air,  and 
m&j  be  prevented  by  keeping  it  in  vessels  so  arranged  that  the 
air  can  enter  only  atler  having  passed  through  a  layer  of  cotton. 
Aromatic  waters  made  with  distilled  water  are  subject  to  the  same 
difficulties. 

The  following  classification  of  the  official  waters  shows  at  a 
glance  their  strength  and  mode  of  preparation  : 

Official  Waters  made  by  Agitating  the  Medicinal  Ingredient  with 

Cold  Water. 

Latin  Name.  English  Name.  Composition. 

Aqna  An,ygdate  Amam  .    .  Bitter  Almond  Water    {  ^  ^9  ^  fi  Sed^Water! 

riual  volumes  of  stronger 
Orange  Flower  Water  and 
DistUled  Water. 
{A  saturated  solution  of  about 
60  Cc.  of  Choroform  in  950 
Cc.  of  Distilled  Water. 

M»a  Cre^oti Cre«»te  Water  .   .    .    {  ^"t^/jj^SCmter.  "^ 

TA  3  per  cent,  solution    by 

Aqua  Hyd„.genu  Dioxidi  {  8<'}»S^t'&^«  J      D^^f^ieT'eoSSLBoTr- 

umes  of  available  oxygen. 

m  volumes  of   stronger 
Water  and  Distilled 
sr. 

Bitter  almond  water  is  likely  to  contain  variable  proportions  of 
hydrocyanic  acid,  as  this  is  usually  present  in  the  commercial  oil ;  *  ^ 
it  is  a  weak  and  very  uncertain  preparation.  The  German  Pharma- 
copoeia directs  that  bitter  almond  water  shall  be  made  by  distilla- 
tion, and  shall  contain  0.1  per  cent,  of  absolute  hydrocyanic  acid ; 
this  corresponds  in  strength  to  the  distilled  cherry  laurel  water  of 
the  British  Pharmacopoeia. 


Official  Waters  made  by ''Passing  Gases  thbouoh  Water. 

LAtin  Name.  English  Name.  Strength. 

AqaaAmmoni» Ammonia  Water    .   .  \^^ ^„!^?lJ^Lu'''^^*'  °* 

^  i.     gaseous  Ammoniu. 

Aqua  Ammonis  Fortior  .    .  Stronger  Ammonia  f  28  per  cent,   by  weight    of 

Water \     gaseous  Ammonia. 
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Official  Watebs  made  by  TiUTUKAttNO  the  Medicikal  Ihokedtents  with 
Purified  Talc,  and  then  Mixiho  with  Cold  I>i9Tit.i.ED  Wateb  ahi 

FiLTJSBtHO. 


Aqua  AnUi Anise  Water    . 


•   •    •   CSnnanioii  Water    . 

Aqiia  F<eDiculi Fennel  Water     -   . 

Aqoa  Mentlue  E^peritK   .   ,   Peppermint  Water 


Compoaltloii. 
/  2  Cc.  of  Oil  of  Anise  and  99B 
\     Cc.  of  Diadlled  Water, 
I  8  Gm.  of   Camnhor  in   1000 
\     Cc.  of  finished  product 
/  2  Cc.  of  Oil  of  Cinnamon  lod 
X     998  Cc  of  IHMilled  Wsier, 
[2Cc.   ofJ^l  of  Fennel  sod 
■  t      998  Cc  of  Distilled  Wawr. 
(■2  Cc.  of  Oil  of  Peppermim 
i      and  998  Cc.   of    DisiilW 
I     Water. 
{2  Cc   of  Oil  of    SpeariaLiit 
Aqua  Menthie  Viridis     .    .    gpearmint  Water   .    .  i      and   998  Cc    of   l^stillol 
*^  I      Water. 

With  the  exceptioD  of  camphor  water,  this  whole  class  is  prepared 
by  triturating  the  oil  with  about  8  times  its  weight  of  purified  talc, 
after  which  the  distilled  water  is  gradually  added  with  oontuiu«l 
tritumtioQ ;  the  mixture  is  finally  filtered  through  paper.  Thorough 
trituration  with  an  insoluble  powder  causes  division  of  the  oila  iiiiu 
minute  particles,  in  which  condition  they  are  more  readily  dissolved 
by  water.  In  the  case  of  camphor  water,  8  Gm.  of  camphor  are 
dissolved  iu  8  Cc.  of  alcohol,  and  then  triturated  with  15  Gm.  of 
purified  talc  until  the  alcohol  has  evaporated,  after  which  the  prep- 
aration is  finished  like  the  others.  It  is  important  that  the  purified 
talc  be  not  used  in  the  form  of  an  impalpable  powder,  as  this  is  apt 
to  pass  through  the  filter  aud  necessitate  frequent  refiltration,  but  a 
coarser  powder,  about  No.  60,  should  be  employed,  Pennission 
is  also  given  in  the  Pharraacopteia  to  effect  solution  of  the  vola- 
tile oil  by  replacing  the  purified  tale  by  pulped  or  shredded  filter- 
paper,  or  by  tlie  addition  of  oils  to  hot  water  and  separation  of  th( 
excess  of  the  former  after  active  agitation  aud  subsequent  cooling  of 
the  mixture,  or  by  distillation  of  the  drug  or  oil  with  water.  >\  her 
shredded  filter-paper  is  used,  the  best  plan  is  to  drop  the  oil  upoi 
the  shredded  paper,  add  this  to  the  hot  distilled  water  contained  in  i 
strong  bottle  or  jug,  aud  shake  actively  until  the  liquid  is  cold,  aftei 
which  a  perfectly  clear  solution  may  be  obtained  by  simple  filtration 
In  the  author's  experience  this  method  produces  excellent  results  wit! 
little  labor.  The  use  of  alcohol  for  the  purpose  of  fiicilitating  solulioi 
of  the  oil  in  the  water  must  be  condemned  as  liable  to  cause  troubl* 
the  very  weak  alcoholic  liquid  having  a  tendency  to  become  son 
through  oxidation  under  favorable  conditions.  Calcium  phospbatt 
directed  iu  the  U.  S.  P.,  1890,  is  not  a  good  medium  for  division  o 
the  oils,  and  is  frequently  found  impure  from  contamination  wit 
soluble  matter.  Magnesium  carbonate,  at  one  time  largely  used,  i 
not  desirable,  as  it  is  not  wholly  insoluble,  and  this  fact  has  ofic 
given  rise  to  trouble,  as  in  the  case  of  cinnamon-water,  which  invar 
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ably  has  a  yellow  color  when  made  with  this  agent^  and  in  the  case 
of  mixtures  of  medicated  waters  with  lime-water,  producing  tur- 
bidity. 

Official  Watebs  made  by  Distillation. 

Latin  Name.  KngllBh  Name.  Strength. 

Aqoa  Aurantii  Florum  Fortior  .  Stronger  Orange  Flower  Water.  Saturated. 

Aqoa  Destillata Distilled  Water Absolutely  pure. 

Aqua  Hanuunelidis Hamamelis  Water (?) 

Aqua  Bone  Fortior Stronger  Bose  Water Saturated. 

Aromatic  waters  made  by  distillation  possess  in  many  instances 
a  more  agreeable  flavor  than  the  aqueous  solution  of  the  correspond- 
ing volatile  oils,  which  is  probably  due  to  the  fact  that,  besides  the 
volatile  oil,  other  volatile  compounds,  such  as  acids  or  ethers,  are 
present  in  the  drug,  and,  passing  over  with  the  steam,  remain  dis- 
solved in  the  condensed  water.  In  distilling  aromatic  waters  over  a 
naked  fire  care  should  be  taken  to  prevent  the  material  from  being 
scorched,  which  can  be  obviated  by  placing  the  drug  either  upon  a 
diaphragm  or  in  a  perforated  vessel  or  wire  cage,  and  then  suspend- 
ing this  in  the  water.  A  peculiar  odor  is  observed  in  some  waters 
immediately  after  they  have  been  distilled  and  condensed  in  tin 
vessels,  but  not  when  glass  vessels  have  been  used ;  if  the  waters  be 
exposed  to  the  air  in  loosely  stoppered  vessels  for  a  few  days,  this 
still-odor  disappears  and  the  natural  odor  of  the  water  becomes 
apparent. 

The  stronger  orange  flower  and  rose  waters  are  obtained,  on  a 
large  scale,  often  as  by-products  in  the  distillation  of  the  respective 
oils;  in  commerce  they  are  distinguished  as  of  triple  or  quadruple 
strength.  In  order  to  produce  a  saturated  solution  of  the  oil, 
recourse  is  had  to  the  process  of  cohobation  or  redistillation,  which 
■consists  in  distilling  the  same  water  two  or  three  times  with  fresh 
portions  of  the  flowers.  In  some  factories  saturated  orange  flower 
and  rose  waters  are  obtaij^d,  not  as  by-products,  but  direct  from  the 
flowers,  by  distilling  theib  with  relatively  small  quantities  of  water; 
thus  triple  strength  water  is  distilled  by  using  3  parts  of  the  flowers 
to  1  of  water,  etc.  According  to  Schimmel  &  Co.,  sextuple  rose 
water  represents  the  highest  obtainable  concentration,  and  rose  water 
prepared  from  more  than  6  times  its  weight  of  roses  will  not  retain 
the  whole  of  its  oil  in  solution  at  ordinary  temperature. 

For  the  preparation  of  distilled  water  a  special  apparatus  has 
lieen  put  upon  the  market,  which  is  said,  by  those  who  have  used 
it,  to  yield  an  exceptionally  pure  water  and  in  considerably  larger 
quantity  than  is  usually  expected  from  a  still  of  like  size.  Tlie 
apparatus,  which  is  illustrated  in  Fig.  213,  is  known  as  the  Curran 
water  still,  and  can  be  used  anywhere  if  gas  and  constant  water- 
supply  be  available. 
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The  tiD-lineil  copper  boiler  has  a  capacity  of  5  gallons,  and  from 
it  4^  galloDB  of  distilled  water  can  be  obtained  in  about  two  and  a 
ball  hours;  thta  allows  the  first  quart  of  distillate,  carryiDg  with  il 


The  Cumn  water  iillL. 
A  ta  >  tin-llned  copper  boiler,  c  is  *  galrsniied  Jsckel  Tor  ■appoitloe  the  boiler  over  I 
ni-burners,  BDd  It  Is  Bttachable  at  b.  b;  It  la  klao  tnlended  to  act  u  a  Sue  to  utlllte  (be  ta> 
Irom  the  gai-burnerH  on  (he  sides  or  the  bollei.  it  Is  a  screw  cover  removable  for  filling 
eleaiiiing  the  boiler,  r  l9  the  vapor-pIpe  from  the  bollei  to  the  condeminE  coil,  r.  In  i 
galvanised  Iron  condensing  tank,  t  which  Is  provided  wllh  an  inlet  for  cold  water  »t  T, » 
an  nntlet  for  warm  water  af  i.  At  Q  Is  a  union  for  cnnnecllDR  the  vapor-pIpe  with  the  e 
denstng  coil,  s  is  the  outlet  for  the  condensed  water,  and  j  Is  the  receiving  ve«el.  J  i 
perforated  ring  rexting  on  the  Jacket,  and  a  are  vent  holei  In  the  ring  tbmugh  wbleh 
eihamted  gases  pass  utf.    o  Is  a  remnvable  cover  for  cleansing  the  condensing  tank,    a  i 

H  the  Iron  frame  supnonlng  the  apparatus  and  bumera.  M  Is  a  gas  cock  for  r^iilatlng 
Bupplj  of  gas  to  the  burners. 

all  volatile  matter,  to  be  rejected,  and  also  retains  a  quart  of  wai 
in  the  boiler.  The  rapid  vaporization  of  the  water  in  the  boiler 
effectwl  by  means  of  lonr  rose  burners  consuming  jointly  about 
cubic  feet  of  gas  per  hour,  the  generated  beat  being  all  utilized  on  I 
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bottom  and  sides  of  the  boiler,  which  is  surrounded  by  a  galvanized 
iron  jacket,  as  shown  in  the  illustration.  The  vapor-pipes  passing 
from  the  boiler,  and  the  condensing  coil,  are  both  heavily  lined  with 
pure  block  tin,  thus  avoiding  contact  of  the  water  with  any  other 
metal.  There  is  no  pressure  on  any  part  of  the  apparatus,  the  vapor 
being  condensed  as  fast  as  generated  and  the  distillate  passing 
rapialy  into  the  receiving  vessel.  Larger  sizes  of  the  Curran  water 
still  are  made  for  use  with  gas  or  coal,  delivering,  according  to  the 
manufacturers'  statements,  which  are  guaranteed,  from  4  to  10 
gallons  of  distilled  water  per  hour. 


CHAPTER   XIV. 

THE  OFFICIAL  SOLUTIONS  OR  LIQD0R8. 

The  term  Liquor  as  used  in  the  U.  S.  Pharmacopoeia  is  geoerall 
applied  to  aqueous  solutioDS  of  non-volatile  substances.  The  exce| 
tions  are  Liquor  Ammooii  Acetatis,  completely  volatilized  by  boiling 
Liquor  Antisepticue,  a  hydro-alcoholto  solution  of  volatile  substance) 
Liquor  Chlon  Compositus,  an  aqueous  solution  of  gaseous  sul 
stances,  containing  dso  a  small  quanti^  of  non-volatile  mattei 
Liquor  Formaldehydi,  an  aqueous  solution  of  gaseous  formaldehydi 
Liquor  lodi  Compositus,  from  which  all  the  iodine  can  be  volatilin 
by  Doiline,  and  much  of  it  at  even  lower  temperature.  In  Euro[ 
the  term  is  indiscriminately  applied  to  alcoholic,  aqueous,  and  hvdr 
alcoholic  solutions  of  uon-volatiie  and  volatile  inorganic  and  oi^ 
matter.  Twenty-five  liquors  are  officially  recognized,  and  of  the 
10  are  made  by  simple  solution  of  the  medicinal  agent  in  thesolvet 
while  15  involve  chemical  action  in  their  preparation.  The  offid 
liquors  may  therefore  be  conveniently  divided  into  two  groupe, 
follows : 

1.  Simple  Solntiom.— The  active  ingredient  is  added  directly 
the  water. 

LbUd  Nune.  EDgllah  Name.  CompoalUoD. 

AraeoicTrioxide,  10  G 

Diluted  Hydrochloric  Acid,     SO  <j 
Distilled  Water,  aufficient  to 

make  1000  G 

Boric  Acid,  20  Om. ;   Bencoic  Mv 

Qm. ;  Thymol,  1  Gm. ;  EucalTp 

0.25  Cc. ;  Oil  of  Peppennint,  0.501 

Oil  of  Gaullberis.  0.26  Cc. ;  Oil 

Thyme,  0.10  Cc. ;  Alcohol,  250  C 

Water,  sufficient  to  make     1000 

Anenoua  Iodide,  10 1 

Bed  Mercuriclodide,  10 < 

Diatilled  Water,  sufficient  to 

make  lOOO  ( 

SatUTal«d ;  coDt«i<u  about  O.IT 
cent,  of  CDlcium  Hydroxide  at 
C.  (69°  F.),  but  the  percentage 
crtoBM  as  the  temperature  riao. 
'An  aqueous  solution,  contaioinx 
!«.  tk.n  -tT  ,u.F  »«.i    hv  »ia4>i 


Liquor  Acidi  Arsenoai  < 


Liquor  A.U«pac,»  .  { ''"!^''*    .*■'* 


(Solution  of  Anen- 
oua and  Mercu- 
ric Iodide  ( Don- 
ovan's Solution) 


Liquor  Chlcis  . 


Solution    of    For- 
ildehyd' 


Liquor  Formaldehydi 

I*  Compound     Solu- 
Liquor  lodi  Compoei-J      lion    of   Iodine 
(Luffol's    Solu- 


Poiaaiium  Iodide, 
Distilled  Water, 
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lAtln  Name. 

Liquor    Plumbi    Snb- 
acetatis  Dilutus  .   . 

liauor    Potassii    Hy- 
aroxidi 

Liquor  Sodii  Hydrox- 
idi 


Liquor  Sodii  AraenatiB 


English  Name. 

{  Dilated  Solution  of  r 
Lead  Subacetate  < 
(Lead Water).   ( 

{Solution  of  Potaa- J 
sium  Hydroxide  j 


Composition. 

Solution  of  Lead  Subacetate,    40  Gm. 
DistUled  Water,  960  Gm. 


(85 


/Solution  of  Sodi- 
\     um  Hydroxide 


{Solution  of   Sodi- 
um Arsenate 


■1 
1 


PotasBium  Hydroxide 

strengfth), 
Distilled  Water, 
Sodium    Hydroxide.  (90 

Btrenffth, 
Distillcid  Water, 
Sodium  Arsenate  (anhydrous),   1  Gm. 
Distilled  Water,  sufficient  to 

make  100  Gm. 


per   cent. 

eOGm. 

940  Gm. 

per    cent. 

56  Gm. 

944  Gm. 


2.  Ohemical  Solutions. — The  active  ingredient  is  formed  in  the 
process  of  manufacture,  as  the  result  of  chemical  action. 


Latin  Name. 

Liquor  Ammonii  Ace- 
tatis 


English  Name. 

(Solution of  Ammo- 
nium Acetate 
(Spirit  of  Min- 
dererus)   ... 


lic^Qor  Chlori  Gompos- 
itus 


{Compound    Solu- 
tion of  Qilorine 


liquor  Cresolis  Com- 
pontUB 


{Compound     Solu- 
tion of  Cresol . 


Liquor  Ferri  Chloridi 

Liquor  Feni  et  Am- 
monii Acetatis 
(Mistnra  Ferri  et 
Ammonii  Acetatis) 


Liquor   Ferri    SubsuL 
pliatjs       


{Solution  of  Ferric 
Chloride  .   .   . 


Liquor    Ferri   Tersul- 
phatis       


Liquor        Hydrargyri 
^itratis 


r  Solution  of  Iron 
and  Ammonium 
Aceta  te  (Ba- 
sham's  Mixture) 

'  Solution  of  Ferric 
Snbsulphate 
(MonseFs  Solu- 
tion)    .... 


f  Solution  of  Ferric 
\     Sulphate  .   .   . 


/Solution  of   Mer- 
\     curie  Nitrate  . 


-I 


Process  of  Manu&cture. 

Made  by  diasolving  5  Gm.  of  ammo- 
nium carbonate  in  100  Cc.  of  diluted 
acetic  acid.  Contains  about  7  per 
cent  of  ammonium  acetate. 

Made  by  adding  Hydrochloric  Acid, 
18  Cc.,  diluted  with  Water,  20  Cc.,  to 
Potassium  Chlorate,  granulated,  5 
Gm.  contained  in  a  naak,  heating  for 
2  or  3  minutes,  and  then  adding  two 
successive  portions  of  500  Cc.  of 
distilled  water.  The  solution,  when 
freshly  prepared,  contains  about  0.4 
per  cent  of  chlorine,  with  some 
oxides  of  diloiine  and  potassium 
chloride. 

Made  by  incorporating  Cresol,  500  Gm.^ 
with  a  mixture  of  Potassium  Hy* 
droxide,  80  Gm.,  dissolved  in  Water^ 
60  Cc.,  and  Linseed  Oil,  360  Gm. 
Finally,  sufficient  water  is  added  to 
bring  the  total  weight  up  to  lOOO 
Gm. 

Made  from  iron  wire,  hydrochloric 
acid,  and  water,  with  the  aid  of  nitric 
acid.  Contains  not  less  than  29  per 
cent  of  anhydrous  ferric  chloride. 

Made  by  mixing  tincture  of  ferric 
chloride,  solution  of  ammonium  ace> 
tate,  diluted  acetic  acid,  aromatic 
elixir,  glvcerin,  and  water. 

Made  bv  aclding  ferrous  sulphate  to  a 
heated  mixture  of  nitric  and  sul- 
phuric acids  and  water.  Contains 
basic  ferric  sulphate  corresponding 
to  not  less  than  13.57  per  cent  of 
metallic  iron. 

Made  like  the  preceding  solution,  ex- 
cept that  a  larger  proportion  of  sul- 
Shuric  acid  is  used.  Contains  about 
6  per  cent  of  normal  ferric  sul- 
phate. 

Made  by  dissolving  red  mercuric  oxide 
in  a  mixtui-e  of  nitric  acid  and  water. 
Contains  about  60  per  cent  of  mer- 
curic nitrate. 
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Utlu  Name, 
lior      Magne 


Liquor    Plumbi    Sub- 
ncetalu     

Liquor  Fotanit  Areen- 


LiquorPotamiiCitntU 
(Mbtun  PoUsBu, 
Cittstig) 


Liqunr    8od«    Chlori-  I 


[Solution  of  Lead 
Subaceta(«{  Gou- 
lard's Ezlnict) 
[Solution  of  Polas- 
I  (Fowler'e  Solu- 
r  Solution  of  Potae- 
I      (Neutral     Mil- 


Solution  of  Chlo- 
rinated      Soda 
(Labarraque'a 
Solution)      .    . 


r  Compound  Solu- 
\  tion  of  Sodium 
(     Phosphate    .  . 


Liquor  Zinci  Chloridi  |* 


Proceu  or  ManuGuniirc, 
Made  by  diasolvin^  marniesium  at- 
bonale  in  a  Bulation  of  cilric  acid; 
then  adding  ejrup  of  citric  acidind 
vater,  and  tinallv  potasium  biiariMr 
nale.  Represents  about  6.2a  Gm. 
of  magnexia  in  360  Cc. 
Made  bj  boiling  lead  oxide  with  a  eolu- 

Dot  leas  than  25  per  cent,  of  buic 
lead  acetate. 

Made  by  disBuIving  arvenic  trioiide  and 
polasBium  bicarbonate  in  boJIlTif' 
irat«r  and  adding  compound  linclun 
of  lavender. 

Always  freslilj  made  by  miiinK  ^  »li>- 
tion  of  potasgum  bimrbonale  villi 
one  of  citric  acid,  and  containing  not 
less  than  8  per   cent,  of  potafflium 

Mnde  by  adding;  a  hot  solution  ol 
radium  carbonate  to  a  solution  of 
chlorinated  lime.    The  chlorine  con- 


Made  bv  triturating  sodium  phosphite, 
lOOO  Gm.,  sodium  nilrale,  40  Gm, 
and  citric  acid,  130  Gm.,  tweiber 
until  completely  lii^uefied  and  ihm 
adding  siiffioient  distilled  nlcr  la 
bring  the  Tolnme  up  to  1000  C«. 

Made  by  dissolving  granulated  tine 
in  hydrochloric  acid  and  iraler,  tai 
freeing  the  solution  from  iron  W 
means  of  nitric  acid  and  lino  a^ 
bonale.  Contains  about  QO  per  woL 
of  sine  chloride. 


CHAPTER  XV. 

DECJOCTIONS  AND  INFUSIONS. 

DEOOOTIONS. 

Deoogtions  are  aqueous  solutions  of  the  active  principles  of 
vegetable  drugs,  prepared  at  a  boiling  temperature.     Tnis  process  is 
obviously  not  adapted  to  drugs  containing  volatile  principles,  nor 
to  those  whose  activity  depends  upon  resinous  constituents.     Drugs 
of  a  very  close  texture,  or  the  active  virtues  of  which  cannot  be 
exhausted  below  the  temperature  of  boiling  water,  are  best  suited 
for  the  process  of  decoction.     In   former  years  decoctions  were 
extensively  employed,  and  frequently  made  by  using  a  large  Quan- 
tity of  water  and  boiling  it  down,  in  open  vessels,  to  one-half,  or 
even  to  a  less  amount.     This  method  offered  no  obvious  advantage, 
and,  in  fact,  often  proved  decidedly  disadvantageous  on  account  of 
the  deleterious  effect  upon  the  constituents  of  the  drug  from  long 
exposure  to  air  and  heat.    In  this  country,  at  least,  decoctions  have 
almost  entirely  disappeared  from  the  phy.sician's  armamentarium, 
and  the  pharmacist  is  but  rarely  called  upon  to  prepare  them. 

Decoctions  as  well  as  infusions  must  always  be  prepared  extem- 
poraneously, since  they  will  readily  deteriorate  on  account  of  the 
perishable  matter  in  solution  and  the  absence  of  alcohol  or  other 
preservative. 

The  Pharmacopoeia  gives  the  following  general  directions  for 
preparing  decoctions  whenever  a  special  strength  is  not  indicated  by 
the  physician  :  Put  50  Gm.  of  the  substance,  coarsely  comminuted, 
into  a  suitable  vessel  provided  with  a  cover ;  pour  upon  it  1000  Cc. 
of  cold  water,  cover  well,  and  boil  for  fifteen  minutes ;  then  let  it 
cool  to  about  40°  C.  (104°  F.),  strain  the  liquid,  and  pass  through 
the  strainer  enough  cold  water  to  make  the  product  measure 
1000  Cc. 

The  use  of  cold  water,  to  begin  with,  insures  the  complete 
extraction  from  the  drug  of  all  its  soluble  principles,  by  the  gradu- 
ally heated  water,  the  albuminous  matter  being  subsequently  coagu- 
lated as  the  heat  is  increased  to  near  the  boiling-point.  If,  on  the 
other  hand,  the  drug  be  at  once  immersed  in  boiling  water,  the 
albumen  contained  in  cells  would  be  coagulated,  and  thus  seriously 
interfere  with  the  extraction  of  the  other  constituents.  In  prepar- 
ing compound  decoctions,  all  the  drugs  may  be  added  to  the  cold 
wat^r,  with  the  exception  of  those  which,  like  senna,  are  injured  by 
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lung- continued  heat,  or  which  contaJD  aromatic  or  other  volatik 
principles ;  such  should  be  added  when  the  decoction  is  ready  to  be 
removed  from  the  fire  or  steam-bath,  and  allowed  to  digest  until  it 
is  sufficiently  cooled  for  straining.  The  material  should  in  all  ases 
be  cut  or  bruised,  the  degree  of  fineness  depending  upon  the  natuif 
of  the  tissue.  Woody  drugs  may  be  reduced  to  a  moderately  fiiif 
powder;  leaves,  however,  and  other  drugs  consisting  mainly  of  looa 
parenchyma,  are  better  used  in  the  form  of  a  moderately  coarse  oi 
very  coarse  powder. 

Unless  the  liquid  is  to  be  considerably  boiled  down,  decoctioai 
are  best  prepared  in  a  vessel  provided  with  a  cover,  which  may  bi 
loosely  put  on  until  the  boiling  is  completed,  when  the  vessel  ^hoiil^ 
be  well  closed,  particularly  if  additions  have  been  made  at  the  clus 
of  boiling.  Porcelain  ia  undoubtedly  the  best  material  for  vessel 
used  for  preparing  decoctions,  since  it  is  not  acted  upon  by  tin 
various  v^etable  principles;  for  similar  reasons,  glass  flasks  wil 
answer  a  useful  purpose  in  making  small  quantities  of  these  prepa 
rations.  As  a  rule,  it  is  best  to  avoid  metallic  vessels,  except  whei 
made  of  block  tin  and  used  in  coanection  with  a  steam  hath.  A 
many  drugs  contain  tannin,  vessels  made  of  iron  are  not  adapts 
for  prepaiine  their  decoctions,  and  the  usually  imperfect  coverio: 
of  galvanized  or  tinned  sheet  iron  renders  vessels  lined  with  suel 
material  but  little  better  suited  for  thiei  purpose,  and  still  inferior  t 
properly  enamelled  iron  vessels. 

Ab  a  rule,  decoctions  should  be  allowed  to  cool  below  40°  C 
(104°  F.)  before  they  are  strained;  principles  which  are  solubl 
only  in  hot  water  are  then  mostly  precipitated,  and  removed  withoiii 
iu  most  cases,  weakening  the  medicinal  value  of  the  preparations 
but,  even  with  this  precaution,  the  strained  liquid  may  becom' 
unsightly  in  appearance  through  the  further  deposition,  on  cooi 
ing,  of  apotheme  or  matter  soluble  only  in  hot  water.  In  such  case 
the  pharmacist  should  be  guided  by  the  directions  of  the  Pharraaco 
pceia  or  the  intentions  of  the  physician,  and  not  sacrifice  effect  ti 
elegance. 

In  the  British  Fharmaco[ioeia,  13  decoctions  arc  recognized,  al 
of  which  are  directed  to  be  made  with  distilled  water,  and  in  th 
majority  of  the  formulas  boiling  is  directed  to  be  continued  for  onlj 
ten  minutes. 

The  German  Pharmacouceia  directs  decoctions  to  be  made  of  tin 
strength  of  10  per  cent,  when  not  otherwise  specified,  by  adding  thi 
drug  to  cold  water  and  keeping  the  mixture  for  half  an  hour  in  a  fail 
of  steam  arising  from  boiling  water,  and  then  expressing  while  warm 
Two  preparations  termed  decoctions,  of  altheea  and  of  flaxseed,  an 
prepared  cold  liy  maceration  for  half  an  hour  and  subsequent  gentlt 
expression;  they  belong  more  properly  under  the  head  of  imiciiaffa. 


DECOCTIONS  AND  INFUSIONS. 


inrusioNs. 


Infusions  are  aqueous  solutions  of  the  soluble  principles  of  vege- 
table or  animal  drugs,  obtained  by  maceration  or  digestion  in  not 
or  cold  water,  and  differ  from  decoctions  only  in  the  lower  degree- 
of  heat  employed  in  their  preparation.  This  process  is  particularly 
suitable  for  substances  containing  volatile  or  other  principles  whicU 
vouid  be  dissipated  or  injured  by  boiling.    A  convenient  apparatus^ 


Bqutre'B  loftulOD'pct. 

well  adapted  for  making  these  preparations,  is  Squire's  infusion-pot. 
Fig.  214.  This  consists  of  the  jar,  a,  with  a  projecting  ledge  near 
the  top,  which  supports  a  strainer,  b  or  d,  containing  the  material 
to  be  exhausted ;  the  jar  is  closed  by  a  well-fitting  cover,  C.  The 
advantages  of  this  contrivance  are  that  the  material  is  exhausted  by 
circulatory  displacement — the  liquid,  as  it  becomes  chained  with  the 
soluble  ingredients,  descending  to  the  bottom,  giving  place  to  fresh 
portions  of  less  saturated  menstruum — and  that  no  further  strain- 
ing will  be  required  if  care  has  been  taken  to  use  not  too  fine  a 
powder. 

Drugs  are  best  adapted  for  exhaustion  with  water  when  cut  into 
thin  slices  by  means  of  a  suitable  knife,  so  that  they  may  easily  be 
permeated  by  the  liquid  ;  if  cutting  be  inadmissible,  they  should  be 
bruised  to  a  coarse  powder.  Jjigneons  drugs,  however,  should  be  in 
a  fine  or  moderately  fine  pow<ler,  which  is  best  adapted  also  for  most 
of  those  infusions  which  may  be  made  by  percolation. 

Wherever  possible,  infusions  should  be  made  in  porcelain  or  por- 
oelain-lined  vessels,  to  avoid  contact  with  metal. 

The  U.  S.  Pharraaoop<eia  has  adopted  the  plan  of  ordering  all 
infusions,  unless  otherwise  <lirected  by  the  physician,  with  the 
exception  of  four  specially  enumerated,  to  be  made  of  1  part  of 
material  to  20  parts  of  infusion,  according  to  the  following  direc- 
tions :  "  An  ordinary  infusion,  the  strength  of  which  is  not  directed 
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by  the  physician  nor  specified  by  the  Fharmaooixeia,  shall  be  pre- 
pared by  the  following. formula;  Take  of  the  substance,  coarsely 
comminuted,  60  Gm. ;  boiling  water,  1000  Cc. ;  water,  a  sufficient 
quantity  to  make  1000  Cc.  Put  the  substance  into  a  suitable  vessel 
provided  with  a  cover,  pour  upon  it  the  boiling  water,  cover  the 
vessel  tightly,  and  let  it  stand  for  one-half  hour  in  a  warm  ploee. 
Then  strain,  and  pass  sufficient  water  through  the  strainer  to  make 
the  infusion  measure  1000  Cc. 

The  Pilar [uacopceia  omits  to  direct  the  expression  of  tliednig 
after  infusion,  but  it  is  evident  that  bulky  herbs  and  flowers,  which 
are  best  adapted  to  this  process,  would  retain  a  considerable  propor- 
tion of  the  liquid,  which  cannot  be  washed  out  simply  by  passing 
water  through  the  strainer  to  make  up  the  deficiency  in  volume. 

Both  in  the  cases  of  decoctions  and  infusions  the  Pharmacopoeia 
requires  that,  when  made  of  energetic  or  powerful  Bubstauces,  the 
physician  shall  specify  the  desired  strength. 

Three  infusions  are  officially  rec<^nized  in  the  Pharmacopeia— 
one  prepared  cold  by  percolation,  and  two  by  maceration  with  hot 
water ;  the  time  directed  for  the  latter  method  is  specified. 

The  strength  of  infusions  of  the  German  Pharmacopceia  is 
double  that  of  our  own,  but  the  general  directions  ^ven  for  their 
preparation  are  nearly  identical  with  the  above,  from  which  they 
differ  only  in  that  the  mixture  of  drug  and  boiling  water  is  beatM 
for  five  minutes  in  a  vapor-bath  of  boiling  water,  occasionally 
stirred,  allowed  to  cool,  and  strained. 


Offlci&l  Infbsioiu. 

Made  bv  Pebculatioh. 

Kngllsh  Nunc.  Ilelhod  of  Pnpantiotl. 

Macetate  40  Gm.  of  wild  cfaeirj  in  Na 
20  powder  with  60  Cc.  of  water  fui 
one  hour,  pack  firm  If  in  a  percolalo: 
aod  slowly  ]wj«  water .  through  ihi 


Infusum  Pnini  Virgin-  f  Infoaion  of  Wild 
i«n» \     Cherry  .... 


i  contaiaing  50  Cc  of  glyceiin 
until  the  total  volume  of  infoeioi 
ilOOOCc. 


If  carefully  made,  infusion  of  wild-cherry  bark  is  an  efficien 
preparation,  containing  the  hydrocyanic  acid  and  volatile  oil  gener 
ated  by  prolonged  contact  with  water.  The  glycerin  improves  th' 
taste  of  the  infusion  somewhat,  but  is  not  sufficient  to  preserve  tb 
liquid  for  any  length  of  time.  Hot  water  should  never  be  used  fo 
making  this  infusion,  as  it  prevents  the  reaction  desired  betweei 
certain  principles  of  the  bark. 
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Made  by  Hot  Maceration. 


Latin  Name. 


English  Name. 


loAisam  Digitalis  .   .   { I"^*")  °*   ^«* 


lnft^.8enn»  Coo..  (Compound  slSn'!:^ 
l^'"™ 1     (Black  Draught) 


Method  of  Preparation. 

Upon  15  Gm.  of  digitalis  pour  500  Cc. 
of  boiling  water  and  let  it  macerate 
in  a  covered  vessel  for  1  hour.  Then 
strain  and  to  the  liquid  add  100  Gc. 
of  alcohol  and  150  uc  of  cinnamon 
water,  and  pass  enough  cold  water 
through  the  residue  to  make  the 
liquid  measure  1000  Cc. 
'  Pour  800  Cc.  of  boiling  water  upon  60 
Gm.  of  senna,  120  Gm.  of  manna^ 
and  20  Gm.  of  bruised  fennel  and 
macerate  in  a  covered  vessel  for  half 
an  hour.  Express,  and  in  the  strained 
infusion  dissolve  120  Gm.  of  magne- 
sium sulphate.  Again  strain  and 
pass  enough  cold  water  through  the 
first  residue  to  make  the  liquid 
measure  1000  Cc 


Infusion  of  digitalis  is  pleasantly  flavored  with  cinnamon  water, 
and  contains  10  per  cent,  by  volume  of  alcohol ;  hence  it  will  keep 
for  a  day  or  two,  particularly  in  a  cool  place.  It  should  be  made 
fresh  whenever  prescribed,  unless  in  frequent  demand,  as  in  hospitals, 
when  daily  fresh  preparation  may  suffice. 


CHAPTER    XVI. 


In  pharmacy  the  term  syrup  is  ap2)lied  to  concentrated  golutioD 
of  sugar,  the  solvent  being  either  water  or  an  aqueous,  acetous,  o 
hydro-alcoholic  solution  of  some  medicinal  or  aromatic  principle 
The  Pharmacopoeia  applies  the  name  syrupus  or  syrup  to  u  nearl; 
saturated  solution  of  sugar  in  water  ;  in  practice  this  solution  i 
usually  termed  aimpU  syrup  as  a  mark  of  distinction.  Syrups  are  ui 
old  and  favorite  form  of  administering  medicines,  partly  on  accnuii 
of  the  sweet  taste,  and  partly  because  sugar  is  used  as  a  preservativ 
for  otherwise  unstable  vegetable  solutious,  in  place  of  alcohol,  whic 
is  often  central  ndicated  iu  disease.  The  sugar  used  in  makin 
syrups  should  be  of  the  best  quality  obtainable,  as  upon  it  depen 
the  character  and  stability  of  the  finished  syrup.  The  Pharniacoptpi 
describes  sugar  as  occurring  in  white,  hard,  crystalline  granules,  o 
purely  sweet  taste,  which  corresponds  to  the  best  commercial  varii 
ties  known  as  granulated  and  cnt-loaf  sugar ;  iu  order  to  overconi 
the  yellowish  cast  of  AUgar,  refiners  frequently  add  ultrainarin< 
Prussian  blue,  etc.,  which  will  pass  to  some  extent  even  throug 
paper  filters  and  finally  deposit  in  the  syrup  containers. 

Sugar  is  soluble  in  half  its  weight  of  water  at  15°  C.  (59°  F. 
and  a  saturated  solution  thus  prepared  has  the  specific  gravity  o 
1.345;  it  is  also  soluble  in  175  times  its  weight  of  official  alcoho 
Large  quantities  of  sugar  dissolved  in  water  very  materially  increa.' 
tlie  bulk  of  the  liquid,  a  fact  which  must  always  be  borne  in  min 
in  the  preparation  of  syrups ;  practically,  two-thirds  of  the  weiftht  o 
jugar  will  equal  its  bulk  in  fluid  measure,  or,  in  other  words,  750  Gn 
jf  sugar  when  dissolved  in  water  will  increase  the  bulk  of  the  liqui 
ay  nearly  500  Cc.  The  proper  proj>ortion  of  sugar  to  menstruui 
U  of  great  importance,  a.s  upon  it  depends  the  stability  of  the  syruj 
Should  the  sugar  be  deficient  iu  quantity,  it  will  not  efficiently  prv 
tect  the  other  organic  principles  in  the  svrup,  and  the  latter  woni 
tie  liable  to  ferment.  On  the  other  hand,  if  too  much  sugar  be  di; 
iolved  by  the  aid  of  heat,  the  execs.?  will  cr^'stallize  after  coolin 
ind  dispose  an  additional  quantity  to  separate  in  like  manner,  thu 
ieaviufj  the  syrup  weaker  in  sngar  than  It  should  be  and  subject  t 
<imilar  alterations  as  if  an  insufficient  quantity  of  sugar  had  beei 
ised.  If  alcohol  l>e  present  in  the  menstruum,  less  sugar  will  b 
:aken  up  by  the  liquid  than  in  the  case  of  pure  water  as  shown  bj 
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the  following  table^  but  at  the  same  time  less  sugar  is  required  to 
insure  stability  owing  to  the  preservative  properties  of  the  alcohol. 

80LUBIIJTY  OF  Cake-sugar  ik  Mixtures  of  Alcohol  and  Water. 

(According  to  Schufeldt.) 

Percentage  of  Alcohol  in  the      Percentage  of  Sugar     Number  of  Grammes 
Mixture.  in  Solution.  of  Sugar  soluble  in  100 

By  Volume.     By  Weight.  Cc.  ol  the  Mixture. 


0. 

0. 

66.20 

196.8 

G. 

5 

64.25 

179.7 

12. 

10 

62.20 

164.5 

18. 

15 

60.40 

152.5 

24. 

20 

58.55 

141.2 

30. 

25 

56.20 

128.3 

36. 

30 

.    64.05 

117.8 

42. 

35 

51.25 

105.3 

47. 

40 

47.75 

91.3 

58.5 

50 

38.55 

62.7 

67.5 

60 

26.70 

36.4 

77. 

70 

12.25 

13.9 

85.5 

80 

4.05 

4.2 

93-5 

90 

0.96 

0.09 

96.75 

95 

0.15 

0.01 

Preparation. — In  the  preparation  of  syrups,  solution  of  the  sugar 
may  be  effected  by  one  of  the  following  methods :  Agitation  of  sugar 
and  solvent  without  heat,  cold  percolation  of  the  sugar  with  the 
solvent,  gentle  heating  of  the  sugar  and  solvent,  or  heating;  the  mixt- 
ure of  sugar  and  solvent  to  the  boiling-point.     The  application  of 
heat  in  the  manufacture  of  syrups  should  be  avoided  as  far  as  pos* 
«ible,  especially  a  boiling  temperature,  partly  to  prevent  the  loss  of 
volatile  constituents  and  partly  to  guard  against  any  change  in  the 
character  of  the  sugar,  which,  under  the  influence  of  heat  and  par- 
ticularly with  acid  liquids,  is  converted  into  inverted  sugar,  resem- 
bling glucose,  and  thereby  predisposed  to  fermentation ;  moreover, 
the  use  of  heat  in  open  vessels  causes  evaporation  of  a  part  of  the 
solvent,  which,  if  not  restored,  produces  a  supersaturated  solution 
with  the  attending  evil  of  crystallization  referred  to  above. 

The  preparation  of  syrups  without  heat  is  a  feature  of  American 
pharmacy,  both  the  British  and  German  Pharmacopoeias  directine 
the  use  of  heat  in  every  instance.  By  some  authorities  it  is  claimea 
that  syrups  made  with  heat  are  more  permanent  than  those  made 
cold  ;  this  claim  is  not  supported  by  experience  in  this  country.  For 
all  syrups  containing  volatile  principles  or  such  as  may  be  changed 
by  heat,  the  cold  process  is  decidedly  preferable,  and  if  pure  sugar 
be  ased,  such  syrups  keep  admirably. 

The  process  of  cold  percolation  of  sugar  with  the  solvent  was  first 
suggested  by  L.  Orinsky  in  1871,  and  is  now  largely  recommended 
in  the  Pharmacopoeia;  the  process  is  of  decided  advantage  whenever 
the  syrup  is  to  be  prepared  without  heat,  although  it  requires  a  little 
oare  in  its  management  so  as  to  insure  perfect  solution  and  a  clear 
percolate.     A  cylindrical,  slightly  tapering  percolator  is  best  adapted 


iDge  is  placed,  with  mod- 
itor  (if  too  tightly  com- 
rough ;  and  if  too  loose, 

;  upon  it  is  poured  the 
ed  and  shaken  down  \s\ 

which  a  diaphragm  of 
ilvent  carefully  poured  oc 
ige  or  a  tuft  of  absorben 
ion  will  be  perfectly  cieai 
,  all  the  sugar  being  takec 

liquid  passes  too  rapidly 
into  the  percolator  nnti 
jvantageoua  to  close  tin 

cork  (or  if  a  rubber  tub 
le  percolator)  as  soon  a 
I,  and  allow  it  to  remaii 
r  two,  30  that  the  men 
ng  saturated,  and  thus : 
f  the  percolate  be  estab 

this  process,  such  as  th 
sugar,  and  the  iact  tfai 
mtation  are  best  remove 

cold  percolation  requirf 
tart«d,  can  be  allowed  t 
I  the  necessity  of  Bwba 
en! zed  principles  in  tl 
I  alcohol  and  glycerin,) 

viscid  character  of  tl 
r,  or  when  the  syrup 
be  employed  to  facilitai 
Dto  a  strong  bottle  oi 
ume  of  syrup,  and,  aft< 
th  at  a  temperature  c 
iting  until  perfect  soli 
3  is  avoided  by  keepii 
ent  contains  latent  fe 
itter,  heating  to  the  boi 
h  principles  harmless, 
ces ;  but  the  heat  sliou 
to  avoid  a  change  in  iJ 

>e  made  with  heat,  t 
porcelain-lined  or  we 
on  a  steam-bath  on 
id  water  added  to  ma 
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Fruit  syrups  are  no  longer  recognized  in  the  U.  S.  Pharmacopoeia. 
They  are  usually  prepared  by  crushing  the  fruit  and  setting  it  aside 
at  a' moderate  temperature,  20°  to  25°  C.  (68°-77°  F.),  for  several 
days,  for  the  purpose  of  destroying  certain  undesirable  principles 
kflown  as  pectin  or  vegetable  jelly,  which,  if  allowed  to  remain  in 
the  fruit  juice,  are  apt  to  cause  the  syrup  to  gelatinize.  The  com- 
plete removal  of  pectin  Ls  determined  by  means  of  alcohol,  which 
should  mix  clear  with  twice  its  volume  oi  the  fruit  juice ;  a  concen- 
trated solution  of  magnesium  sulphate  should  also  leave  the  filtered 
juice  unaffected. 

The  fermentation  of  fruit  juices  is  usually  conducted  in  oisks  or 
containers  tightly  closed,  but  provided  with  a  suitable  means  of 
escape  for  the  carbon  dioxide  gas  generated  during  the  process,  which 
latter  is  allowed  to  pass  by  means  of  a  glass  tube  through  water  con- 
tained in  a  small  bottle ;  the  end  of  the  fermentative  process  is  indi- 
cated when  gas-bubbles  cease  to  escape  through  the  water.  Experience 
has  shown  that  the  addition  of  a  small  quantity  of  sugar  (2  per  cent, 
of  the  weight  of  the  fruit)  hastens  fermentation,  preserves  the  oolor^ 
and  facilitates  subsequent  filtration  of  the  juice. 

After  removal  of  the  pectin  the  pulp  is  expressed  and  the  juice 
allowed  to  subside  in  well-closed  vessels,  in  a  cool  place,  for  two  or 
three  days  until  clear;  the  supernatant  liquid  must  be  carefully 
decanted  or  withdrawn  and  passed  through  a  previously  wetted  paper 
filter.  Sugar  to  the  extent  of  6  pounds  to  every  4  pounds  of  filtered 
juice  should  be  added  to  the  filtrate  without  delay  and  dissolved  by 
stirring  before  the  mixture  is  heated  to  boiling;  any  albuminous 
matter  remaining  in  the  juice  is  coagulated  by  heating  and  removed 
by  subsequent  straining.  The  mixture  of  filtered  juice  and  sugar 
must  not  be  boiled  for  any  length  of  time,  but  the  heat  should  be 
withdrawn  when  the  syrup  begins  to  boil  quietly  aft;er  the  first  froth- 
ing and  rising  of  the  liquid. 

This  process  is  applicable  alike  to  the  syrups  of  blackberries, 
cherries,  raspberries,  and  strawberries. 

Preseiration. — -Syrups  are  best  preserved  in  completeljr  filled 

bottles,  in  a  cool  place,  and  will  keep  unaltered  for  a  long  time  if 

properly  prepared ;  the  addition  of  preservatives,  such  as  salicylic  or 

boric  acid,  calcium  sulphite,  ether,  etc.,  is  unnecessary,  and,  in  fact, 

objectionable,  and  such  syrups  as  cannot  be  kept  with  ordinary  care 

should  be  made  in  small  quantity  only.     It  is  well  known  that 

syrups  containing  acids  gradually  show  a  change  in  the  sugar  from 

cane-sugar  to  inverted  sugar,  and  it  has  been  shown  in  an  interesting 

series  of  experiments  with  the  official  syrups,  by  Woltersdorf  and 

Kichtmai^n,  1900,  that  the  inversion  is  in  direct  proportion  to  the 

temperatare  to  which  the  syrup  is  exposed ;  also  that  mineral  acids 

cause  greater  inversion  than  organic  acids,  and  that  the  presence  of 

neutrsu  salts  in  the  syrup  has  the  tendency  to  retard  the  inverting 

action  of  the  acid.     Air  and  heat  are  far  more  detrimental  to  the 

16 
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stability  of  sugar  solutions  than  diffused  light ;  but  direct  sunlight 
should  always  De  avoided  on  account  of  tlip  heat  tniiisniitted  by  the 
Bun's  rays.  When  syrups  have  undei^ne  fernieutatioD  they  are  tin 
longer  fit  for  use,  and  even  if  the  attempt  be  made  to  restore  theni 
by  boiling,  they  are  likely  soon  to  spoil  again,  owing  to  the  decreased 
proportion  of  sugar  left  in  solution ;  the  best  and  safest  plan  is  In 
throw  thera  away.  Finished  syrups  shonld  always  be  put  into  per- 
fectly clean  and  dri/  bottles  (if  made  by  heat,  not  until  they  hav( 
become  cold),  so  as  to  avoid  dilution  aad  possible  conta  mi  nation  with 
fermentation  germs,  which  are  likely  to  lurk  in  imperfectly  cleaned 
bottles.  Bottles  from  which  syrups  have  been  dispensed  should  bt 
thoroughly  washed  with  weak  lye  and  afterward  with  water,  and 
then  dried  before  they  are  refilled. 

All  syrups,  whether  made  by  cold  or  hot  process  (except  cold  per- 
colation), require  straining  through  flannel  previously  moifiteQedand 
expressed  to  remove  particles  of  dust  and  dirt ;  and  in  the  case  of 
colorless  or  light-colored  syrups,  their  appearance  will  be  greatlj 
improved  by  tntering  them,  under  cover,  through  paper  or  apledgel 
of  cotton. 


Alphabetical  List  of  Official  Svrups. 


LAtla  Nune, 
Syrupua  .... 
Synipus  Acacue  . 

Sjrupiis  AcidI  Citrici 


Synipus  AmygdalK    . 

Byrupus  Aunintii   .   . 
Sj'nipus  Aurantii  Flo- 


Knglish  Nunc. 
Syriip  of  Acacia  . 


Syrup  of  Almund 

Syrup  of  Orange 

f  Syrup  of  Orange 
[     Flowers    .    .   . 


Proportion  of  lOKredlenU. 

I  Sugar,  850  Urn.;  Distilled  Water  fufi 
\     dent  to  make  1000  Cc. 

r  Acaeia,  Belecled,  100  Gm.  ;  Sugar,  SO 

i      Gro.  i  DiBtilled  Water.  430  Cc.,  o 

(      Biifficient  to  make  1000  Cc. 

Citric  Acid,  10  Gm. ;  Water.  10  Cf. 

Tincture  of  Fresh  Lemon  Peel.  1 

Cc. ;  Syrup  Bufficient  to  nuke  ItKJ 

Cc. 

Absolute  Hydriodic  Acid,  1  per  c^nt 

held  in  solution  in  Syrup,  and  pr 

served  by  the  presence  of  a  unia 

proportion  of  hypophoephorouftaci' 

Spirit  of  Bitter  ALnond.lOCc;  Oreni 

■<      Flower  Water,  100  Cc;  Syrup  ail 

(      cient  to  make  1000  Cc 

f  Tincture  of  Fresh  Orange  Peel,  50  O 

\      Citric  Acid,  6  Gm.;  Sugv,820(in 

(     Water  sufficient  to  make  lOOO  Cr- 

I  Sugar  850  Gm.;  Orange  Flower  Wat 

I      aufBcient  to  make  1 000  Cc 

To  a  solution  of  Calcium  laetophi 

phate  prepared  from  Calcium  Carl 

nate,  25  Gm. ;  Laclic  Add,  60  C. 

Phoephoric  Acid,  36  Cc ;  and  Wat 

300    Cc,   ate  added  Orange  Floi 

Water,  50  Cc  ;  Su^r,  725  Gn)..> 

Water  sufficient  to  make  1000  I  'r. 

(lJnie,B60m.;  Sua:ar,350Gin.;   Wa 

\     sufficient  to  make  1000  Cc 
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Latin  Nune. 


English  Name. 


8jrQpi]s  Fern  lodidi 


f  Syrup  of  Ferrous 
\     Iodide  .... 


Smipos  Ferri,  ^ui- 
niiuB  et  Stiycbniiue 
Phosphatnm    .   .   . 


Syrup  of  the  Phos- 
phates of  Iron. 
Quinine^  ana 
Strychnine  .   . 


iSyropus      Hypophos- 
phitom 


J  Syrup    of    Hypo- 
\     phosphites  .   . 


Sympus      Hypophos* 
phitam  Gompositus 


f  Compound  Syrup 
of  Hypophoe- 
phites   .... 


Syrupos  Ipecacuanha      Syrup  of  Ipecac 


Sympus  Kiamerift    . 


Syrupos  Lactacarii    . 


f  Syrup_    of     Kra- 
\     meria    .... 

f  Syrap  of  Lactuca- 
I     rium     .... 


Syrupos  Picis  liquidte 


Syrup  of  Tar  .   . 

• 


Proportion  of  Ingredients. 
Ferrous  Iodide,  5  per  cent,  held  in 
solution  in  syrup.  The  ferrous 
iodide  is  obtained  by  allowing  iodine, 
41.5  Gm.,  to  react  on  iron  wire,  12.5 
Gm.f  in  the  presence  of  distilled 
water.  150  Cc  When  reaction  has 
ceased,  the  mixture  is  heated  to  boil- 
ing and  sugar,  50  Gm.,  dissolved 
therein.  The  solution  is  then  filtered 
into  su^;aj,  550  Gm.,  the  filter  washed 
with  distilled  water,  125  Cc.,  which 
is  also  added  to  the  suear,  and  the 
latter  then  dissolved  by  neat.  After 
perfect  solution  the  liquid  is  strained, 
diluted  hypophosphorous  acid,  20 
Cc.,  and  sufficient  distilled  water 
added  to  bring  the  weight  of  the 
finished  product  up  to  1000  Gm. 

Glyoeiite  of  the  Phosphates  of  Iron, 
Quinine,  and  Strychnine,  1  volume ; 
Syrup,  3  volumes. 

Calcium  Hypophosphite,  45  Gm. ;  Po- 
tassium and  Sodium  Hypophosphites, 
of  each  15  Gm. ;  Diluted  xlypophos- 

Shorous  Add,  2  Gm.;  Sugar,  650 
\m. ;  Tincture  of  Fresh  Lemon  Peel, 
5  Cc. ;  Water  sufficient  to  make 
1000  Cc 

Calcium  Hypophosphite,  35  Gm. :  Po- 
tassium and  Sodium  Hyjpophospnites, 
of  each  17.5  Gm. ;  Feme  and  Manga- 
nese Hypophosphites,  of  each  2.25 
Gm. J  Qumine,  1.1  Gm. ;  Strychnine, 
0.115  Gm. ;  Sodium  Citrate.  3.75 
Gm. ;  Diluted  Hypophosphorous 
Acid,  15  Cc;  Sugar,  775  Gm. ; 
Water  sufficient  to  make  1000  Cc 

Fluidextract  of  Ipecac,  70  Cc  ;  Acetic 
Add,  10  Cc;  Glycerin,  100  Cc; 
Sugar,  700  Gm. ;  Water  sufficient  to 
make  1000  Cc 

{Fluidextract  of  Krameria,  450  Cc ; 
Syrup,  550  Cc. 

Tincture  of  Lactucarium,  100  Cc;  Glyc- 
erin, 200  Cc ;  Citric  Acid,  1  Gm. ; 
Orange  Flower  Water,  50  Cc ;  Syrup 
sufficient  to  make  1000  Cc. 

Tar,  5  Gm. ;  Alcohol,  50  Cc  ;  Sugar, 
850  Gm. ;  Water  suffident  to  make 
lOOOCc  The  tar  is  first  mixed  with 
twice  its  weight  of  clean  white  sand 
and  then  washed  with  100  Cc  of 
cold  water ;  the  residue  is  dissolved 
in  the  alcohol,  triturated  with  mag- 
nesium carbonate,  10  Gm.,  and  sugar, 
60  Gm.,  and  mixed  with  water,  400 
Cc  After  macerating  for  2  hourH 
the  mixture  is  filtered  and  the  re- 
mainder of  the  sugar  dissolved  in  the 
clear  filtrate,  sufficient  water  being 
added  to  make  1000  Cc 
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Latin  Name. 

Syrupus  Pnini  Vii^n- 
iaiue 


{ 


English  Name. 

Byrup    of     Wild 
Cherry     .    .    . 


Syrupus  Bhei  ....      Synip  of  Rhubarb 


Syrupns  Rhei  Aromat- 
icos 


r  Syrup  of  Rhnba1^b 
\     (Aromadc) 


SympuB  BoBK ....      Syrup  of  Rose    . 
Sympus  Rubi .   .   .   .   -j  Syrup  of  Rubus  . 


Syrupus    Sarsaporillse 
Compoeitus  .... 


{ 


Syrup  of  Sarsapa- 
rUla(Gompound ) 


Syrupus  Scillie    .   .   .      Syrup  of  Squill 


{ 


Syrupus    Scilbe  Com- 
positus 


Sympus  Senegfld . 


{ 


Syrup    of    Squill 
(Gompouna)   . 


Sympus  Seuutt 


•   •   • 


Syrap  of  Senega 
Syrup  of  Senna  . 


1 


Sympus  Tolutanus     .      Syrop  of  Tolu    . 


Sympus  Zingiberis    .      Syrap  of  Ginger 


Proportion  of  Ingredients. 

Wild  Cherry,  160  Gm.  •  Sugar,  700  Gm. 
Glycerin,  150  Cc.;  Water  sufficient  u> 
make  1000  Cc 

Fluidextract  of  Rhubarb,  100  Cc.; 
Spirit  of  Cinnamon,  4  Cc ;  Potassium 
Carbonate,  10  Gm. ;  Water,  50  Cc ; 
Syrup  sufficient  to  make  1000  Cc 

Aromatic  Tincture  of  Rhubarb,  150  Cc; 
Potassium  Carbonate,  1  Gm. ;  Syrup, 
850  Cc 

nuidextnuDt  of  Rose,  125  Cc ;  Diluted 
Sulphuric  Acid,  10  Cc ;  Sugar,  750 
Gm. ;  Water  sufficient  to  maKe  1000 
Cc 

Fluidextract  of  Rubus,  250  Cc ;  Syrup^ 
760  Cc 

Fluideztiact  of  Sarsaparillay  200  Cc; 
Fluidextract  of  Glycyrrhiia,  15  Cc : 
Fluidextract  of  Senna,  15  Cc ;  Sugar, 
650  Gm. ;  Oil  of  Anise,  Oil  of  Gaul- 
theria,  and  Oil  of  Sasrafras,  of  each 
0.2  Cc;  Water  sufficient  to  make 
1000  Cc 

Vinegar  of  Squill,  450  Cc  ;  Sufiar,  800 
Gm. ;  Water  sufficient  to  make  lOOO 
Cc 

Fluidextract  of  Squill,  80  Cc ;  Fluid- 
extract  of  Senega,  80  Cc. ;  Antimooy 
and  Potassium  Tartrate,  2  -Gm. ;  Su- 
gar, 760  Gm. ;  W^ater  sufficient  to 
make  1000  Cc 

Fluidextract  of  Senega,  200  Cc ;  Syrup,. 
800  Cc 

Fluidextract  of  Senna,  250  Cc  ;  Oil  of 
Coriander,  5  Cc ;  Syrup  sufficient  to 
make  1000  Cc 

Tincture  of  Tolu,  50  Cc. ;  Sugar,  820 
Gm. ;  Water  sufficient  to  make  1000 
Cc  After  mixing  the  tincture  with 
magnesium  carbonate,  10  Gm.,  and 
sugar,  60  Gm.,  water,  450  Cc,  ar& 
addea  with  constant  trituration  and 
the  mixture  filtered.  The  remainder 
of  the  sugar  is  dissolved  in  the 
filtrate  with  the  aid  of  a  gentle  heat, 
the  solution  strained,  and  sufficient 
water  added  to  bring  the  volume  ti> 
1000  Cc 

Fluidextract  of  Ginger,  30  Cc;  Alcohol, 
20  Cc  ;  Sugar,  820  Gm. ;  Water  suffi- 
cient to  make  1000  Cc  After  mixing 
the  fluidextract  and  alcohol  with  mag- 
nesium carbonate,  10  Gm.,  and  sugar, 
60  Gm.,  water,  450  Cc,  are  added 
with  constant  trituration  and  the 
mixture  filtered.  The  remainder  of 
the  sugar  is  dissolved  in  the  filtrate 
with  the  aid  of  a  gentle  heat,  the  solu- 
tion strained,  and  sufficient  water 
added  to  bring  the  volume  up  to  1000 
Cc 
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The  official  syrups  may  be  conveniently  divided  into  two  classes, 
namely,  those  possessing  little  or  no  medicinal  properties  and  chiefly 
used  for  flavoring  purposes,  and  those  used  as  therapeutic  agents  and 
conveniently  termecl  medicated  syrups. 

To  the  first  class,  or  flavoring  syrups,  belong  the  following  : 

Syrup,  Syrup  of  Almond,  Syrup  of  CStric  Acid,  Syrup  of  Ginger, 
Syrup  of  Orange,  Syrup  of  Orange  Flowers,  and  Syruj)  of  Tolu. 

The  class  of  medicated  syrups  embraces  the  remaining  official 
syrups,  namely : 

Syrup  of  Acacia,  Syrup  of  Calcium  Lactophosphate,  Syrup  of 
Ferrous  Iodide,  Syrup  of  Hvdriodic  Acid,  Syrup  of  Hypophosphites, 
Synip  of  Hypophosphites  (Compound),  Syrup  of  Ipecac,  Syrup  of 
Krameria,  Syrup  of  Lactucarium,  Syrup  ot  Lime,  Syrup  of  the 
Phosphates  'of  Iron,  Quinine,  and  Strychnine,  Syrup  of  Rhubarb, 
Syrup  of  Rhubarb  (Aromatic),  Syrup  of  Rose,  Syrup  of  Rubus, 
Syrup  of  Sarsaparilla  (Compound),  Syrup  of  Sen^,  Syrup  of  Senna, 
Syrup  of  Squill,  Syrup  of  Squill  (Comp6und),  Syrup  of  Tar,  and 
Syrup  of  Wild  Cherry. 

Of  the  29  syrups  recognized  in  the  U.  S.  Pharmacopoeia,  20  are 
directed  to  be  made  without  heat,  and  of  these,  7  are  simple  mixtures 
of  syrup  with  the  respective  medicating  fluids*  Two  of  the  remain- 
ing syrups  are  prepared  by  raising  the  ingredients  to  the  boiling 
temperature ;  in  3  the  sugar  is  dissolved  with  the  aid  of  a  gentle  heat ; 
and  in  the  case  of  4,  solution  of  the  sugar  is  efiected  by  means  of 
water-bath  heat,  temperature  not  specified,  but  necessarily  below 
boiling. 

TA3ai.B  Showeno  the  Msthodb  Dibbcted  for  the  Official  STBur& 
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Cold  Procesi. 

of  Almond. 

Qalciam  lActophosphate. 

Citric  Add 

Hydriodic  Acid. 

Hypophosphites. 

Hjrpophcephites  (Compound). 

Lpecac 

Kremeiia. 

Lactucarium. 

Omnge. 

Orange  Flowers. 

Phosphates  of  Iron,  Quinine, 

and  Strychnine. 
Rhubarb. 

Rhubarb  (Aromatic). 
Rose. 
Rabu& 


Hot  Process, 
a.  Gentle  Heat. 


Syrup  of  SaraapariUa  (Compound). 
"       Tar. 


b.  Water-bath  Heat. 

Syrup  of  Acada. 

**       Ferrous  Iodide. 
"       Ginger. 
Tolu. 
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Senna. 

Squill  (Compound). 

Wild  Cherry. 


c  Boiling  Temperature. 

Syrup. 

S>nip  of  Lime. 
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SPECIAL  RKMABKff 


SyrnpaB. — Official  simple  syrup  contains  64.54  per  cent,  bj 
weight  uf  sugar,  each  Cc.  representing  0.85  Gm. ;  it  should  be  madi 
with  distilled  water,  so  as  to  produce  a  solution  of  crystalline  clear 
iiess,  and  if  heat  be  employed,  the  syrup  should  be  passed  tbrougl 
a  small  dry  strainer,  which  is  tlien  wasned  with  sufficient  distillei 
water  used  for  rinsing  the  vessel  to  bring  the  volume  up  to  th 
required  quantity.  Simple  syrup  should  he  made  aod  preaervei 
with  care.     One  pound  measures  very  nearly  12  fluidounces. 

Syrupas  Acacise. — Syrup  of  acacia  or  synip  of  gum  arabic  i 
prone  to  spoil,  especially  in  warm  weather,  and  should  l>e  preserve 
m  small  bottles  in  a  cold  place.  Solution  of  the  acacia  will  be  matt 
rially  facilitated  if  the  distilled  water  he  heated  before,  the  gum 
added  and  the  mixture  then  frequently  stirred.  If  small  quantitii 
of  the  syrup  are  to  be  made  extemporaneously,  3  Gm.  (or  SO  gram 
of  clean  granulated  acacia  may  be  triturated  with  6  Cc.  (or  \\  £ui< 
drachms)  of  distilled  water  until  dissolved,  and  then  mixed  wit 
sufficient  syrup  to  produce  30  Cc.  (or  1  fluidounce)  of  finish* 
product. 

Sympos  Acidi  Oitrici. — Syrup  of  citric  acid,  made  by  mixri 
tincture  of  fresh  lemon  peel  and  a  solution  of  citric  acid  with  simp 
ayrup,  is  an  excellent  substitute  for  lemon  syrup,  being  more  stat: 
and  of  uniform  acidity.  It  is  of  pleasant  flavor  and  slightly  opal< 
cent,  each  Cc.  containing  0.010  Gm.  of  citric  acid.  Unfortunate 
syrup  of  citric  acid,  when  kept  on  hand  for  some  time,  acquire! 
terebinth  in  ate  odor ;  it  should  therefore  be  made  in  small  quantiti< 

SympuB  Acidi  Hydriodici. — Svrup  of  bydriodic  acid  is  intend 
by  the  present  official  formula  to  be  made  extemporaneously,  vi 
the  view  of  avoiding  discoloration.  If  the  acid  liquid  is  kept 
contact  with  the  syrup  for  some  length  of  time,  especially  in  wai 
weather,  caramelization  of  the  sugar  will  take  place  and  the  syr 
becomes  colored,  growing  gradually  darker.  Syrup  of  hydriot 
acid  having  more  than  a  pale-straw  color  should  not  be  dispensi 
In  order  to  insure  the  exact  strength  of  the  syrup,  1  per  cent, 
absolute  hydriodic  acid,  it  should  always  be  made  by  weight,  usin| 
part  of  diluted  hydriodic  acid,  3  parts  of  distilled  water,  and  6  pa 
of  syrup.  As  the  specific  gravity  of  the  official  syrup  of  hydric* 
acid  is  given  as  1,190,  each  fluidounce  will  weigh  542.283  grains, 
4  fluidounces  will  weigh  2170  grains,  corresponding  to  practica 
140  Gm. 

SyrnpOB  Amygdala. — Syrup  of  almond  of  the  present  Pham 
copfeia  is  entirely  different  from  that  heretofore  officially  recoCTia 
It  is  a  colorless  liquid,  having  a  pleasant  mixed  flavor  of  oil  of  bit 
almond  and  orange  flowers,  and  mixes  clear  with  water.  The  fom 
syrup  of  almond  was  made  from  almonds  direct,  and  formed  a  mil 
like  liquid  when  mixed  with  water;  it  is  known  in  Europe  as  «3fm^ 
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antd^ivibs.    When  prescribed   under  the  latter  name,  the  present 
official  STTup  of  almond  should  not  be  dispensed. 

Sympns  Aurantii. — Syrup  of  orange  is  made  from  tincture  of 
fresh  orange  peel  by  triturating  the  same  with  magnesium  carbonate 
and  water,  and  filtering  the  milky  mixture ;  the  filter  is  washed  with 
more  water  until  a  definite  volume  of  clear  filtrate  is  obtained,  in 
which  the  citric  acid  and  sugar  are  dissolved  by  agitation.  The 
finished  syrup  has  a  pleasant  aroma  and  an  acidulous  taste,  and 
mixes  clear  with  aqueous  liquids.  Syrup  of  orange  should  never  be 
oiade  from  fluidextract  of  sweet  orange  peel,  as  the  latter  is  prepared 
from  dried  peel  with  a  hydro-alcoholic  menstruum,  is  without  the 
fine  orange  flavor,  and  is  more  or  less  bitter ;  moreover,  syrup  of 
orange  thus  made  turns  liquids  containing  iron  preparations  dark,  on 
account  of  the  tannin  in  the  fluidextract,  which  is  not  the  case  with 
the  official  syrup. 

Sjrmpiu  Aurantii  Flonim. — Syrup  of  orange  flowers  contains 
the  same  proportion  of  sugar  as  simple  syrup ;  it  is  made  without 
the  aid  of  neat,  most  conveniently  by  percolation. 

SyrupuB  Oalcii  Lactophosphatis. — Syrup  of  calcium  lacto- 
phosphate,  sometimes  erroneously  called  syrup  of  lactophosphate 
of  lime,  is  easily  prepared  according  to  the  official  directions.     The 
calcium  carbonate  should  be  added  very  gradually  to  the  diluted 
lactic  acid  so  that  a  perfect  solution  may  result.     When  the  phos- 
phoric acid  is  to  be  added  this  should  be  diluted  with  more  water 
than  officially  directed  (at  least  twice  as  much  water  as  acid  should 
be  used),  and  this  mixture  must  be  added  slowly  to  the  solution 
of  calcium  lactate  previously  prepared,  constantly  stirring  with  a 
glass  rod,  so  as  to  avoid  precipitation  of  calcium  phosphate.     The 
newly  formed  salt  will  be  kept  in  solution  by  the  excess  of  phosphoric 
acid  and  the  lactic  acid  present,  or  will  be  dissolved  almost  immedi- 
ately after  it  has  been  precipitated.     The  acid  solution,  after  addition 
of  more  water,  is  filtered,  and  to  the  filtrate  the  orange-flower  water 
and  suj^r  are  added,  and  the  whole  shaken  until  perfect  solution  has 
been  enected.     Like  all  syrups  containing  acid,  this  syrup  is  apt  to 
become  discolored  if  kept  on  hand  for  a  long  time.     Each  Cc.  of 
the  finished  syrup  represents  0.02584  Gm.  of  tricalcium  phosphate. 
Syrnpna  Oalcis. — ^Advantage  is  taken,  in  the  preparation  of 
syrup  of  lime,  of  the  well-known   fact  that  sugar  largely  increases 
the  solubility  of  lime  in  water,  and  this  solubility  varies  with  the 
proportion  of  sugar  to  the  water  used;  according  to  Peligot,  100 
parts  of  sugar  contained  in   250  parts  of  aqueous   solution  will 
take  up  26.5  parts  of  lime,  while  the  same  quantity  of  sugar  in 
2000  parts  of  solution  takes  up  only  18  parts  of  lime.      Choice 
lime  Bnould  be  used — ^as  free  from  carbonate  and  other  impurities  as 
possible.     The  official  syrup  of  lime  is  of  uncertain  strength,  the 
Fhannaoopoeia  not  having  fixed  a  definite  proportion,  but  when 
fi-eshly  made  it  contains  probably  0.082  Gm.  of  calcium  oxide  in 
every  Cc     The  direction  to  boil  the  lime,  sugar,  and  water  together 
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for  five  miautes  is  not  essential,  except  to  gaiD  time,  for  cold  maKT- 
ation  with  frequent  agitation  will  cause  an  equally'  large  amount  uf 
lime  to  be  dissolved ;  but  longer  time  is  necessary — possibly  two  or 
three  days.  Syrup  of  lime  cnanges  very  rapidly  upon  exposure  to 
air,  and  should,  therefore,  be  kept  in  well-stoppered  bottles. 

SympUB  rem  lodidi. — The  first  step  in  making  syrup  of 
ferrous  iodide  is  the  preparation  of  a  solution  of  Iodide  of  iron, 
and  care  should  be  taken  that  no  iodine  is  lost  and  that  a  pnle- 
green  solution  free  from  all  iodine  odor  be  obtained.  This  is  then 
protected  by  addition  of  sugar  and  filtered  into  the  remainder 
of  the  sugar,  the  fiask  and  filter  being  rinsed  with  an  additional 
<iuantity  of  distilled  water.  The  sugar  is  dissolved  by  heating 
on  a  water-bath  and  the  syrup  then  strained,  the  diluted  hypo- 
phosphorous  acid  added,  and  finally  sufficient  distilled  water  to  bring 
the  weight  up  to  the  required  quantity.  The  hypophosphorous  tuad, 
being  a  valuable  reducing  agent,  is  added  to  prevent  oxidation  and 
consequent  discoloration  of  the  syrup,  and  has  been  fonnd  superior 
to  other  agents.  The  present  official  syrup  of  ferrous  iodide  is  of 
only  one-half  the  strength  of  former  syrups,  containing  but  5  per 
«ent.  of  ferrous  iodide.  This  change  was  made  so  as  to  have  the 
strength  corrrapond  to  that  of  the  syrup  of  other  pharmacopceias. 

Sympiu  Ferri,  QuiiiiiLEe  et  StrychninsB  Phbsphatiun  (Syrup 
of  the  Phosphates  of  Iron,  Quinine,  and  Strychnine,  also  known  af 
£aston's  Syrup), — The  official  formula  directing  the  mixture  of  I 
'volume  of  the  glycerite  of  the  phosphates  of  iron,  quinine,  and 
strychnine  with  3  volumes  of  syrup  is  intended  for  extemporaneous 
preparation,  as  it  is  impossible  to  prevent  discoloration  and  darken- 
ing of  the  syrup  if  the  same  be  kept  on  hand  for  some  time,  owing 
to  the  action  of  the  acid  on  the  sugar.  As  now  made,  the  syrup  it 
almost  colorless,  slightly  fluorescent,  and  has  an  intensely  bitter  taste. 
Each  Cc.  of  the  finished  syrup  contains  0.02  Gm.  of  soluble  ferric 
phosphate,  0.026  Gm.  of  quinine,  and  0.0002  Gm.  of  stiychnine, 
the  two  latter  also  in  the  form  of  phosphates. 

SympuB  HypophoBphitTun  (Symp  of  Hypophosi>hites). — Bv 
this  name  the  Pharmacopoeia  reo^nizes  a  syrup  of  the  hypophos- 
phites  of  calcium,  potassium,  and  sodium,  flavored  with  tincture  of 
fresh  lemon  peel ;  it  is  prepared  by  making  a  solution  of  the  three  saltf 
in  water,  acidulating  the  same  with  hypophosphorous  acid,  and  in  it 
dissolving  the  sugar  bv  agitation.  £ach  Cc.  of  the  syrup  contains 
0.045  Gm.  of  calcium  nypophosphite,  0.015  Gm.  each  of  potassium 
and  sodium  hypophosphites,  and  0.002  Gm.  of  dilute  hypophosphor- 
ous acid. 

Syrapns  Hypophosphitam  Oomposittis.— Compound  syrup  of 
hypophosphites  differs  from  the  pre<««ling  symp  in  containing  also 
the  hypophosphites  of  iron,  manganese,  quinine,  and  stryOTnine, 
and  in  not  being  flavored  with  tincture  of  fresh  lemon  peel.  The 
sodium  citrate  iisod  is  necessarj'  to  efl^ect  the  solution  of  the  ferric 
hypophosphite,  forming  a  yellowish-green  liquid.     The  quinine  and 
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strychnine  are  converted  into  hjpophosphites  hy  solution  in  the 
diluted  hypophosphorous  axiid.  The  finished  synip  has  a  greenish- 
yellow  color  and  keeps  well.  Each  Cc.  contains  0.035  Gm.  of 
calciam  hypophosphite,  0.0175  Gm.  each  of  potassium  and  sodium 
hypophosphite,  0.00225  Gm.  each  of  ferric  and  manganese  hypo- 
phosphite,  0.0011  Gm.  of  quinine  (as  hypophosphite)  and  0.00015 
Gm.  of  strychnine  (as  hypophosphite). 

Sjrmpas  Ipec^caaubaB. — Syrup  of  ipecac  is  made  from  the 
fluidextract  of  the  drug,  which  is  well  shaken  with  a  mixture  of 
acetic  acid  and  water,  for  the  purpose  of  bringing  the  active  princi- 
ple into  aqueous  solution,  and  of  rejecting  those  undesirable  constitu- 
ents which  are  apt  to  cause  flocculi  in  the  syrup;  after  filtration 
glycerin  is  added  to  the  clear  liquid,  and  then  the  sugar,  after  which 
the  mixture  is  well  shaken  until  perfect  solution  results.  Formerly 
syrup  of  ipecac  was  likely  to  sour  in  warm  weather,  but  this  difficulty 
is  now  obviated  by  the  presence  of  10  per  cent,  of  glycerin;  each 
Cc.  represents  0.070  Gm.  of  ipecac. 

Syrapus  Kramerisd. — Syrup  of  krameria,  also  known  as  syrup 
of  rhatany,  is  prepared  by  mixing  fluidextract  of  krameria  with 
simple  syrup,  in  the  proportion  of  45  volumes  of  the  former  to  55 
volumes  of  the  latter ;  each  Cc.  represents  0.45  Gm.  of  krameria. 

Syrapna  Lactncarii. — The  present  official  formula  for  syrup 
of  lactucarium  is  much  simpler  than  that  formerly  given.  The 
character  of  the  finished  syrup  will  depend  upon  that  of  the  tincture 
of  lactucarium  used ;  if  the  latter  has  been  carefully  made  so  as  to 
be  free  from  the  caoutchouc-like  constituent  of  the  drug,  the  resulting 
«yrup  should  be  clear  and  of  a  light-brownish  color.  Each  Cc.  of 
the  syrup  represents  the  active  virtues  of  0.05  Gm.  of  lactucarium. 
Syrapiu  Picis  laquidsd  (Syrup  of  Tar). — ^Tar  always  contains 
certain  impurities  which  are  readily  soluble  in  cold  water,  and  these 
it  is  intended  to  remove  in  the  process  officially  directed  for  the  syrup. 
Sand  is  mixed  with  the  tar,  before  the  adiiition  of  cold  water,  m 
order  to  &eilitate  the  washing.  The  subsequent  treatment  with 
alcohol  and  water  dissolves  the  active  virtues  of  the  tar,  and  a  clear 
filtrate  is  obtained  with  the  aid  of  magnesium  carbonate,  in  which 
the  sugar  is  then  dissolved  with  the  aid  of  a  gentle  heat.  The  fin- 
ished product  has  a  brownish-yellow  color  and  a  decided  odor  of  tar. 
Each  Cc.  represents  0.05  Gm.  of  tar. 

Syrupus  Pnmi  Virginianad  (Syrup  of  Wild  Cherry).— The 
preliminary  maceration  of  the  wild  cherry  with  water  for  24  hours 
causes  a  peculiar  reaction  or  fermentation  to  take  place  between 
<5ertain  constituents  of  the  bark,  resulting  in  the  formation  of  hydro- 
cyanic acid  and  a  volatile  oil,  which  are  extracted  by  subsequent 
percolation  with  water,  until  3  Cc.  of  percolate  have  been  collected 
for  every  Gm.  of  drug  used,  and  in  the  percolate  the  sugar  is  dis- 
solved without  heat  Enough  menstruum  should  be  added  to  the 
powdered  drug,  to  moisten  it  thoroughly,  and  the  percolator  kept 
tightly  closed  to  prevent  loss  of  the  hydrocyanic  acid ;  a  No.  20 
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powder  being  rather  coarse,  the  mixture  muat  be  very  firmly  packet], 
so  that  the  drug  may  be  slowly  exhausted.  The  present  syrup  is 
lighter  jd  color  thau  that  of  the  1890  Pharmacopoeia  aod  Las  a 
less  astringent  taste,  owing  to  the  fact  that  the  glycerin  is  added 
to  the  aqueous  percolate  and  is  not  allowed  to  act  on  the  bark 
itself.  The  presence  of  15  per  cent,  of  glycerin  aids  in  the  preserva- 
tion of  the  syrup.  The  amount  of  hydrocyanic  acid  present  in  the 
syrup  is  a  very  uncertain  quantity,  nor  does  it  remain  constant,  owing 
\o  exposure  and  its  volatile  and  unstable  character. 

Sympns  Rhei. — The  official  formula  for  syrup  of  rhubarb  direcla 
a  solution  of  potassium  carbonate  to  be  added  to  fluideztract  of 
rhubarb  prior  to  its  admixture  with  simple  syrup;  a  small  quantity 
of  spirit  of  cinnamon  is  also  added  as  a  flavoring  agent.  The  addi- 
tion of  an  alkali  prevents  the  separation  of  resinous  matter  b\ 
retaining  the  same  in  solution,  and  thus  a  clear  syrup  is  obtaiora. 
The  use  of  water  for  solution  of  the  potassium  carbonate  appears 
quite  unnecessary,  since  the  alkali  can  be  dissolved  in  a  part  of  tb( 
simple  syrup,  and  syrup  of  rhubarb  thus  prepared  keeps  admirabl) 
well.     Each  Cc,  represents  0.100  Gm.  of  rhubarb, 

SymptiB  Bhei  AromatiCTtB  (Aromatic  or  Spiced  Syrup  of  Bhu' 
barb). — The  object  of  adding  potassium  carbonate,  which  is  readilj 
soluble  in  tie  aromatic  tincture  of  rhubarb,  is  to  prevent  precipiW 
tion  of  resinous  matter,  and  thus  produce  a  clear  syrup. 

Sympiu  BoBse, — The  present  official  syrup  of  rose  diflers  fron 
those  of  former  pharmacopoeias  in  containing  1  per  cent  by  volum' 
of  diluted  sulphuric  acid,  which  imparts  an  agreeable  acidulous  tast 
to  the  finished  syrup,  and  causes  the  color  to  be  somewhat  lighter. 

Sympna  Robi. — The  official  syrup  of  rubiis,  also  known  as  syru| 
of  blackberry  root,  is  made  by  mixing  1  volume  of  fluidextract  ol 
blackberry  Mrk  with  3  volumes  of  syrup.  It  has  a  strongly  astrin 
gent  taste,  and  is  of  a  deep  reddish-brown  color, 

SympuB  Sarsaparills  Compositns. — In  the  preparation  of  com 
pound  syrup  of  sorsaparilla  a  mixture  is  first  made  of  the  fluid 
extracts  of  sarsaparilla,  senna,  and  glycyrrhiza,  together  with  tb 
oils  of  sassafras,  anise,  and  gaultheria ;  this  mixture,  si^r  the  addi 
tion  of  about  370  Cc.  of  water,  is  well  shaken  and  set  aside  for  a' 
hour  to  allow  separation  of  inert,  insoluble  matter,  after  which  it  i 
filtered.  The  sugar  is  dissolved  in  the  filtrate  with  the  aid  of  onl 
a  gentle  heat,  to  avoid  loss  of  the  volatile  oils,  and  sufficient  wat* 
is  added  to  make  up  the  required  volume.  The  finished  syrup  cor 
tains  very  nearly  8  per  cent,  of  alcohol  derived  from  the  fluidextracfc 
and  therefore  a  less  quantity  of  sugar  than  most  other  syrups,  Th 
present  official  formula  differs  from  those  formerly  employed,  i 
omitting  guaiacura  wood  and  pale-rose  petals.  Each  Cc  of  th 
finished  syrup  represents  0.200  Gm.  of  sarsaparilla,  0.015  Gm.  eac 
of  senna  and  licorice  root,  and  a  trace  each  of  the  oils  of  gaultherii 
anise,  and  sassafras. 

Syrnpns  Scilln  (Syrup  of  Squill), — On  account  of  the  aceti 
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acid  present  in  the  vinegar  of  squill  this  syrup  should  always  be 
made  in  glass  or  porcelain  vessels,  and  all  contact  with  metal  should 
be  avoided.     Each  Cc.  of  the  syrup  represents  0.045  Gm.  of  squill. 

Sympiu  Scill»  Oompositns  (Compound  Syrup  of  Squill). — 
Upon  evaporation  of  the  mixed  fluidextracts  of  senega  and  squill 
nearly  all  the  alcohol  is  dissipated  and  considerable  insoluble  matter 
is  apt  to  separate,  which,  afler  the  addition  of  the  prescribed  quantity 
of  water,  is  mixed  with  purified  talc  and  then  filtered ;  if  necessary, 
the  liquid  should  be  passed  through  the  filter  repeatedly  until  it  runs 
clear.  To  the  clear  filtrate  are  added  the  antimony  and  potassium 
tartrate  dissolved  in  hot  water  and  the  sugar,  which  latter  is  dissolved 
by  agitation  without  heat,  and  sufficient  water  added  to  bring  the 
volume  up  to  the  required  measure.  Each  Cc.  of  the  finished  prod- 
act  represents  0.080  Gm.  each  of  senega  and  squill,  and  contains 
0.002  Gm.  of  antimony  and  potassium  tartrate. 

Sympiu  SenegSd. — Syrup  of  senega,  if  made  as  now  officially 
directed  by  mixing  fluidextract  of  sen^a  direct  with  syrup,  has  been 
found  to  Keep  as  well  as  formerly  when  made  by  the  more  tedious 
process.  Moreover,  it  may  be  made  extemporaneously  in  small 
quantities  as  wanted.     Each  Cc.  represents  0.20  Gm.  of  senega. 

Sympiui  Sennsd. — The  official  process  for  making  syrup  of 
senna  yields  a  satisfactory  product  and  does  away  with  the  tedious 
and  undesirable  method  of  infusion  formerly  employed.  Being  made 
with  a  fluidextract  of  senna  prepared  from  leaves  deprived  of  their 
lesinous  constituents,  it  is  less  apt  to  produce  griping.  Each  Cc.  of 
the  syrup  represents  0.25  Gm.  of  senna,  and  is  flavored  with  oil  of 
oariander. 

Syrnpns  Tolatanus  (Sjrrup  of  Tolu).— The  official  formula  for 
this  syrup  yields  a  very  satisfactory  product.  The  small  amount  of 
alcohol  idlowed  to  remain  aids  in  keeping  more  of  the  balsamic  and 
odorous  principles  in  solution.  The  finished  syrup  is  a  colorless  liquid 
having  a  deciaed  odor  and  taste  of  tolu.  Each  Cc.  represents  0.01 
Gm.  of  balsam  of  tolu. 

Syrupna  ZingiberiB  (Syrup  of  Ginger). — The  addition  of  alcohol 
to  the  fluidextract  of  ginger  is  for  the  purpose  of  keeping  more  of 
the  o/eoresinous  matter  in  solution  in  the  aqueous  liquid  than  would 
otherwise  be  the  case..  If  carefully  made,  the  official  syrup  has  the 
characteristic  aroma  of  ginger  and  a  pleasant,  slightly  pungent  taste. 
Each  Cc.  represents  0.03  Gm.  of  ginger. 


CHAPTER    XVII. 

MUCILAGES,   HONEYS,  AND  GLYCER1TE8. 
MUOILAaES. 

The  preparations  recc^aized  in  the  PharmaCopoeis  under  this 
name  are  viacid,  adhesive  liquids  formed  by  solution  of  mucilaginous 
principles  in  water  ;  with  one  exception  they  are  unstable  and  readily 
undergo  putrefactive  changes  in  warm  weather,  hence  theysboul*! 
be  freshly  prepared  when  wanted.  The  4  official  mucilages  &re 
those  of  acacia,  sassafras  pith,  tragacanth,  and  elm. 

HacilaffO  Acacisa  (Mucilage  of  Acacia).— The  official  directions 
require  that  acacia  in  small  fr^ments  be  first  washed  with  cold  water, 
for  the  purpose  of  removing  foreign  matter  often  adhering  to  thv 
«uter  suH^.  For  every  340  Gm.  of  acacia  used,  330  Cc.  of  lime- 
water  are  then  added,  and  sufficient  water  to  bring  the  total  weight 
up  to  1000  Gm.  The  official  formula  will  produce  quite  a  visdd 
liquid,  containing  34  per  cent,  of  acacia,  each  Cc.  representing  aboul 
0.378  Gm,,  but  the  solution  is  weaker  than  the  mucilage  of  th( 
British  and  German  pharmaoopceias.  Owing  to  the  fact  that  the 
liquid  becomes  denser  m  solution  progresses,  agitation  of  the  mixtun 
will  be  found  somewhat  difficult,  especially  if  large  quantities  an 
used,  and  it  will  be  found  more  expedient  to  suspend  the  washeti 
■acacia  iu  the  mixture  of  water  and  lime-water,  in  a  bag  of  loosel,^ 
textured  cloth,  in  a  tightly  closed  wide-mouth  jar,  to  be  occasionalb 
moved  about  in  the  liquid,  so  that  fresh  portions  of  the  solvent  nia,i 
■continually  displace  the  solution  formed  and  thus  complete  solutior 
be  more  rapidly  effected.  The  addition  of  lime-water  is  for  the  pur 
pose  of  neutralizing  the  natural  acidity  of  the  acacia,  the  latter  beinj 
chemically  chiefly  acid  calcium  arabate.  Pieces  of  clear,  white  acacii 
should  be  selected  for  the  mucilage,  which,  when  made,  should  b 
preserved  in  completely  tilled  bottles  in  a  cool  place. 

HucilagO  Sassafiras  HeduIlSB. — Mucilage  of  sassafras  pith  i 
made  by  macerating  the  pith  in  cold  water  for  three  hours  and  the; 
straining ;  the  mixture  should  be  kept  in  a  covered  vessel  and  occa 
eiooally  stirred  with  a  glass  rod.  Each  Cc.  represents  0.02  Gm.  oi 
sassafras  pith. 

Hacilago  TragacantliBB. — The  official  directions  for  preparin 
mucilage  of  tragacanth  are,  to  add  6  Gm.  of  tragacanth  to  a  boilin 
mixture  of  18  Gm.  of  glycerin  and  75  Cc.  of  water,  and  the 
macerate  for  twenty-four  hours,  with  frequent  stirring;  after  th 
Addition  of  sufficient  water  to  bring  the  weight  of  the  mixture  up  t 
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100  Gm.  it  is  beaten  to  a  uniform  consistence  and  then  expressed 
through  muslin.  Mucilage  of  tragacanth  forms  a  somewhat  opaque 
semiliquid  jelly,  and  the  presence  of  the  glycerin  prevents  decomposi- 
tion. Tragacanth  is  only  partially  soluble  in  water,  but  absorbs  the 
latter  and  swells  to  a  gelatinoid  mass. 

Mncilago  Ulmi. — Mucilage  of  elm,  although  still  recognized  in 
the  Pharmacopoeia,  is  very  rarely  prepared  by  pharmacists ;  the 
official  directions  are  to  add  6  Gm.  of  bruised  elm  to  100  Cc.  of 
water,  and  digest  for  one  hour  in  a  covered  vessel  on  a  water-bath. 
Mucilage  of  elm,  like  that  of  sassafras  pith,  spoils  very  readily,  and 
should  be  freshly  made  when  wanted. 

HONEYS. 

Clarified  honey,  or  Mel  Depuratum  of  the  Pharmacopoeia,  is 
prepared  by  mixing  honey  with  2  per  cent,  of  its  weight  of  paper- 
pulp  and  heating  the  mixture  on  a  water-bath  as  long  as  scum 
rises  to  the  surface ;  the  scum  is  carefully  removed  with  a  skimmer 
and  sufficient  distilled  water  added  to  restore  loss  by  evaporation^ 
after  which  the  mixture  is  strained  and  5  per  cent  of  its  weight  of 
glycerin  is  added  to  the  strained  liquid  for  the  purpose  of  better 
preservation. 

Medicated  honeys  are  simply  mixtures  of  clarified  honey  with  cer- 
tain medicinal  agents,  and  are,  as  a  rule,  prepared  extemporaneously^ 

Only  one  medicated  honey  is  recognized  in  the  Pharmacopoeia^ 
namely,  Mel  Ro88d,  or  honey  of  rose,  which  is  made  by  mixing  fluid 
extract  of  rose  with  clarified  honey  in  such  proportion  that  the  fin- 
ished product  shall  contain  the  astringent  virtues  of*  12  Gm.  of  rose 
petals  in  every  100  Gm. ;  this  is  about  equal  to  a  mixture  of  12  Cc 
of  fluid  extract  of  rose  with  64  Cc.  of  clarified  honey. 

OLYOERITES. 

This  valuable  class  of  preparations  consists  of  solutions  of  the 
medicinal  agents  in  glycerin  ;  they  are  permanent,  and  are  readily 
miscible  with  water  or  alcohol.  Of  tne  official  glycerites,  5  are 
liquid  and  1  solid. 

Olyceritum  Acidi  Tamiici.— Although  tannic  acid  is  perfectly 
soluble  in  cold  glycerin,  the  solution  of  so  large  a  proportion  as 
directed  in  the  official  glycerite  is  best  eflected  by  the  aid  of  heat ; 
contact  with  metallic  vessels  must  be  carefully  avoided,  and  the  tan« 
nic  acid  (20  Gm.)  and  glycerin  (80  Gm.)  should  be  intimately  mixed 
with  a  glass  rod  before  heat  is  applied.  When  solution  is  completed^ 
a  deep-green  transparent  liquid  results,  which  should  be  strained 
while  still  warm  through  flannel  or  a  pledget  of  cotton.  Glycerite 
of  tannic  acid  contains  about  0.300  Gm.  of  tannic  acid  in  each  Cc.> 
which  is  equal  to  about  120  grains  in  1  flutdounce. 
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Glyceritnm  Amyli. — The  official  directions  for  preparing  glycerite 
of  starch  are  to  stir  10  parts  of  starch  with  10  parts  of  water  and 
80  parts  of  glycerin,  to  a  homogeneous  mixture,  and  then  apply  a 
gradually  increased  heat  until  a  translucent  jelly  is  formed.  As 
starch  usually  occurs  in  lumps,  it  is  nece.ssary  first  to  rub  it  in  a 
mortar  into  a  fine  powder,  which  should  be  transferred  to  a  porce- 
lain capsule,  and  then  mised  with  the  water  and  glycerin,  so  as  to 
avoid  loss,  which  is  unavoidable  if  the  mixture  be  made  in  the 
mortar;  heat  must  be  applied  cautiously  and  the  mixture  condaiillg 
stirred  with  a  thick  glass  rod  or  a  wooden  spatula,  to  avoid  scorch- 
ing and  consequent  discoloration.  The  liquid  gradually  thickens  as 
the  heat  is  increased,  and  the  entire  disappearance  of  white  spot! 
iDdicafes  perfect  solution.  The  high  heat,  140"  C.  (284°  F.), 
indicated  in  the  official  formula  is  necessary  to  eflTect  rupture  of  the 
starch  granules,  without  which  solution  of  the  starch  cannot  takt 
place ;  to  insure  uniform  heating,  wire  gauze  should  invariably  be 
interposed  between  the  capsule  and  the  flame.  Glycerite  of  starcli 
is  hygroscopic,  therefore  it  must  be  preserved  in  tightly  closed  jars 
80  as  to  avoid  contact  with  air. 

Glyceritnm  Boroglycerini. — ^The  preparation  of  glycerite  of 
boroglycerin,  also  known  as  glycerite  of  glyceryl  borate  and  solu 
tion  of  bort^lyceride,  involves  first  the  production  of  boroglycerin 
or  glycerj'l  borate,  and  secondly  the  solution  of  this  compound  ii 
glycerin.  When  boric  acid  and  glycerin  are  heated  t<^ther  fc 
about  150°  C.  (302°  F.)  chemical  action  sets  in,  water  being  givei 
off,  while  a  new  compound,  glyceryl  borate,  is  formed,  which  upoi 
cooling  is  obtained  as  a  transparent,  almost  colorless  and  ver 
hygroscopic  mass ;  the  mixture  must  be  frequently  stirred  to  breal 
up  the  constantly  forming  film,  and  care  must  be  observed  that  th 
heat  prescribed  be  neither  exceeded  nor  continued  longer  than  neces 
sary,  so  as  to  avoid  a  yellowish  or  brownish  coloration.  Thirty-on 
parts  of  boric  acid  and  46  parts  of  glycerin  will  unite  to  form  5 
parts  of  glyceryl  borate ;  hence  in  the  official  proceas  the  reactio 
IS  known  to  be  complete  when  the  weight  of  tlie  mixture  has  bee 
reduced  to  500  Gm. ;  then,  while  still  hot,  an  equal  weight  o 
glycerin  is  added  and  thoroughly  incorporated,  thus  making 
50  per  cent,  solution  of  boroglycerin,  £ach  Co.  contains  aboi 
0.683  Gra.  of  boroglycerin,  which  is  equal  to  about  312  grains  i 
a  fluidounce. 

Glyceritom  7erri,  Qaininse  et  Strychnines  FfaoBphatam(Gly< 
erite  of  the  Phosphates  of  Iron,  Quinine,  and  Strychnine). — Tt 
glycerite  has  been  introduced  for  the  extemporaneous  preparation  c 
fiie  syrup  of  the  same  name,  since  the  latter  preparation  is  prone 
darken  in  the  course  of  time.  Soluble  ferric  phosphate  (80  Gm 
liaving  been  dissolved  in  200  Cc  of  water  with  the  aid  of  heat.  It 
Gm,  of  quinine  alkaloid  and  0.8  Gm.  of  stirchnine  alkaloid  mix< 
with  200  Cc.  of  phosphoric  acid  are  next  added,  and  then  sufficiei 
water  to  bring  the  volume  of  the  liquid  up  to  600  Cc.     The  mixtn 
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is  stirred  until  perfect  solution  has  taken  place,  after  which  500  Cc. 
of  glycerin  are  added,  and  the  whole  then  strained  through  a  pledget 
of  cotton.  Each  Cc.  of  the  glycerite  contains  0.104  Gm.  of  quinine, 
0.0008  Gm.  of  strychnine,  and  0.08  Gm.  of  soluble  ferric  phosphate. 
Olycerituin  Hydrastis  (Glycerite  of  Hydrastis,  also  known  as 
Glycerite  of  Grolden  Seal). — In  the  official  process  for  this  glycerite, 
1000  Gm.  of  finely  powdered  hydrastis  root  are  exhausted  with 
alcohol  by  percolation.  The  alcohol  is  then  nearly  all  recovered  from 
the  percolate  by  distillation,  and  the  thick,  concentrated  liquid  is 
poured  into  500  Cc  of  ice-cold  water  and  set  aside  for  24  hours  in 
a  cold  place.  After  filtration,  sufficient  water  is  passed  through  the 
filter  to  bring  the  volume  of  filtrate  up  to  500  Cc,  and  500  Cc  of 
glycerin  is  then  added.  This  preparation  is  of  about  the  same 
strength  as  fluidextract  of  hydrastis,  but  is  not  standardized,  each 
Cc.  representing  1  Gm.  of  the  root.  It  possesses  the  advantage  of 
being  miscible  with  water  in  all  proportions  without  precipitation. 

The  object  of  removing  the  alcohol  by  distillation  and  then  pour- 
log  the  residue  into  ice-cold  water,  is  to  get  rid  of  the  soft  resinous 
matter  extracted  from  the  root,  which  possesses  no  medicinal  virtues 
and  is  immiscible  with  water. 

Olyceritoin  Phenolis  (Glycerite  of  Phenol,  also  known  as  Glyc- 
erite of  Carbolic  Acid). — The  Pharmacopoeia  directs  this  glycerite  to 
be  made  by  mixii^  1  volume  of  liquefied  phenol  with  4  volumes  of 
glyeerin.  The  omcial  liquefied  phenol,  being  made  by  adding  10 
grammes  of  water  to  90  grammes  of  melted  phenol,  should  contain 
not  less  than  86.4  per  cent,  of  abfiolute  phenol,  and  hence  each  Cc 
of  the  glycerite  will  contain  0.184  Gm.  of  pure  phenol  or  carbolic 
aciA     It  is  readily  soluble  in  water. 

Among  the  non-official  glycerites  there  is  one  of  considerable 
interest  in  pharmacy,  namely,  the  glycerite  of  yolk  of  ^g,  also  known 
^  glyoonin.  It  is  made  by  dissolving  45  parts  of  yolk  of  e^g  in  55 
parts  of  glycerin,  and  should  be  preserved  in  tightly-stoppered  bottles 
so  as  to  prevent  the  absorption  of  moisture  from  the  air.  In  order 
to  obtain  a  satisfactory  preparation,  the  yolk  of  egg  should  be  care- 
fully separated  from  the  albumen,  and  the  membrane  enclosing  the 
yolk  then  ruptured,  so  that  only  the  pure  yolk  may  be  weighed ;  the 

flycerin  should  be  added  gradually  with  constant  trituration.  As  a 
uidounce  of  this  glycerite  weighs  about  640  grains,  such  a  quantity 
may  be  made  by  jasing  288  grains  of  yolk  of  egg  and  352  grains  of 
glycerin.  The  chief  use  of  glycerite  of  yolk  of  egg  is  as  an  emulsi- 
fying agent  for  fixed  and  volatile  oils,  2|  fluidrachms  being  required 
for  1  fluidounce  of  the  former,  or  \  fluidounce  of  the  latter. 


CHAPTER  XVIII. 

BLIXIRa 

The  word  "  elixir  "  is  said  to  be  of  ancient  origin,  and  derivei 
according  to  Dr.  Charles  Bice,  from  two  Arabic  words,  pronounc* 
at-ikair;  the  Arabic  ikgir  comes  from  the  Greek  (ijptoi/,  meaning 
dry  powder,  bucH  aa  was  used  for  dusting  wounds.  For  a  long  tin 
the  word  was  applied  by  alchemists  to  the  wonderful  transformatji 
powder  used  in  the  supposed  conversion  of  base  metals  into  silvi 
and  gold.  Later  on,  the  t«rm  was  also  applied  to  liquids,  and  ax 
to  designate  certain  compound  tinctures  for  which  rare  medicin 
properties  were  claimed.  In  this  latter  sense  the  term  elixir  is  sti 
used  to  some  extent  in  Continental  Europe,  and,  as  a  rule,  »o< 
preparations  are  characterized  by  an  unpleasant  taste.  In  modei 
American  pharmacy  the  word  has  come  to  mean  an  entirely  diffe 
ent  class  of  preparations,  the  distinguishing  features  of  which  are 
pleasantly  aromatic  sweet  taste,  ana  the  presence  of  alcohol  varjii 
in  proportion  from  20  to  25  per  cent,  by  volume.  Prior  to  186 
only  two  elixirs  of  this  kind  were  used  to  any  extent  in  thiscounti 
namely,  Elixir  of  calUaya  and  Elixir  of  ammonium  vaUrianat 
but  through  the  efforts  of  enterprising  manufacturers  the  list  w 
rapidly  augmented  and  reached  its  height  between  1870  and  187 
A  reaction,  however,  gradually  set  in,  and  at  the  present  day  mai 
once-popular  elixirs  have  fallen  into  disuse.  There  can  be  i 
doubt  that  a  sweet,  aromatic,  and  slightlv  alcoholic  liquid  forms 
pleasant  vehicle  for  many  remedies,  but  tlie  presence  of  25  per  cei 
of  alcohol  may  in  some  instances  be  positively  injurious,  and,  moi 
over,  the  active  ingredients  are  frequently  present  in  such  sm 

aiiantities  as  to  render  the  medicinal  value  of  the  preparati 
oubtful. 
The  American  Pharmaceutical  Association,  in  order  to  sec< 
uniformity  in  the  composition  of  the  many  elixirs  dispensed 
pharmacists,  has  published  a  series  of  86  formulas  for  elixirs,  in  t 
National  Formulary,  This  book  first  appeared  in  1888,  and  a  thi 
edition,  thoroughly  revised,  will  be  issued  before  the  close  of  I 
present  year  (1905).  Another  series,  containing  about  276  forrau 
for  elixirs  and  many  valuable  directions  in  manipulation,  was  pi 
lished  by  J.  U.  Lloyd  in  1892,  under  the  title  Elixirs  and  Flavori 
Extracts.     Many  elixirs  can  be  prepared  extemporaneously  by  si 

{lie  solution  of  the  medicinal  ingredient  in  the  desired  vehicle; 
or  instance,  the  elixirs  of  the  alkali  bromides,  citrates,  salicylat 
and  hypo  phosphites,  elixir  of  pyrophosphate  of  iron,  elixir  of  g«ntii 
both  simple  and  ferrated,  etc. 
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It  is  often  desirable  to  impart  color  to  an  elixir,  but  since  not  all 
coloring  agents  are  equally  well  suited  for  acid  and  alkaline  liquids, 
it  becomes  necessary  to  exercise  proper  discretion.  For  acid  or 
neutral  liquids  the  National  Formulary  recommends  either  the  sim- 
ple or  compound  tincture  of  cudbear,  tlie  former  for  a  bright-red  and 
the  latter  for  a  brownish-red  tint;  of  either  tincture,  2  fluidrachms 
\iill  suffice  to  color  a  pint  of  elixir.  For  alkaline  liquids,  such  as 
elixir  of  ammonium  valerianate,  the  coloring  agent  should  be  a  solu- 
tion of  carmine,  which  is  best  prepared  with  the  aid  of  ammonia- 
water  ;  the  National  Formulary  furnishes  a  satisfactory  formula  for 
the  same. 

The  Pharmacopoeia  recognizes  only  three  elixirs,  namely,  adjuvant 
elixir,  aromatic  elixir,  and  elixir  of  iron,  quinine,  and  strychnine 
phosphates ;  the  two  former  are  chiefly  intended  as  vehicles  for  the 
rea^  preparation  of  many  others. 

£lizir  A4jnvan8   (Adjuvant   Elixir). — This  preparation,  also 

known  as  aromatic  elixir  of  licorice,  is  made  by  mixing  12  volumes 

of  fluidextract  of  licorice  with  88  volumes  of  aromatic  elixir.     It 

has  a  very  sweet,  aromatic  taste,  and  is  well  adapted  for  disguising 

an  unpleasant  saline  or  bitter  taste  of  drugs,  but  should  never  be 

used  in  connection  with  acid  liquids,  as  these  will  cause  precipitation. 

Elixir  Aromaticum  (Aromatic  Elixir,  also  known  as  Elixir  of 

Orange  and  Simple  Elixir). — The  official  directions  for  making  this 

elixir  are  to  mix  compound  spirit  of  orange,  12  Cc,  with  sufficient 

alcohol  to  produce  250  Cc. ;  to  this  solution  are  added  syrup,  375 

Cc,  in  divided  portions,  shaking  after  each  addition,  and  afterward, 

in  the  same  manner,  375  Cc.  of  distilled  water.     On  account  of  the 

turbidity  caused  by  the  solution  of  the  volatile  oils,  when  mixed 

with  the  aqueous  liquids,  30  Gm.  of  purified  talc  are  added  to  the 

mixture,  the  whole  well  shaken  and  then  filtered  through  paper, 

passing  enough  of  a  mixture  of  alcohol,  1  volume,  and  water,  3 

volumes,  through  the  filter  to  bring  the  volume  up  to  1000  Cc. 

Elixir  Ferri,  Quinins  et  Strychnins  Phospnatum ;  Elixir  of 
Iron,  Qninine,  and  Strychnine  Phosphates. — The  Pharmacopoeia 

directs  that  quinine  alkaloid,  8.75  Gm.,  and  strychnine  alkaloid, 
0.275  Gm.,  be  dissolved  in  alcohol,  60  Cc,  phosphoric  acid,  2  Cc, 
and  aromatic  elixir,  350  Cc,  being  added  to  the  solution  ;  ammonium 
carbonate,  9  Gm.,  is  dissolved  in  acetic  acid,  28.65  Gm.,  and  suffi- 
cient distilled  water  added  to  make  50  Cc  of  solution.     The  neutral 
solution  of  ammonium  acetate  is  then  mixed  with  the  solution  of  the 
alkaloidal  salts  and  sufficient  aromatic  elixir  added  to  produce  880 
Cc.  of  liquid.     After  dissolving  soluble  ferric  phosphate,  17.5  Gm., 
in  distilled  water,  30  Cc,  with  the  aid  of  heat,  and  rendering  the 
solution  exactly  neutral  by  careful  addition  of  ammonia- water,  it  is 
mixed  with  sufficient  aromatic  elixir  to  make  120  Cc     Finally,  mix 
the  two  liquids,  making  1000  Cc.  of  finished  elixir. 

If  the  official  directions  be  carefully  followed  no  difficulty  will 
be  experienced  in  obtaining  a  perfectly  clear  preparation,  which  is  mis- 

17 


268  PRACTICAL  PHARMACY. 

cible  with  water  in  all  proportions  and  keeps  well  at  all  seasons.  Tl 
addition  of  ammonium  acetate  solution  is  essential  to  overcome  tl 
difUculty  of  precipitation,  when  the  iron  solution  is  mixed  with  tt 
acid  solution  of  the  alkaloids.  This  elixir  is  prone  to  darken  vhe 
exposed  to  H^ht,  and  therefore  should  be  preserved  in  a  dark  f\at 
and  be  always  dispensed  in  dark-amber  l>ottles.  Each  Cc.  contaii 
0.0175  Gra.  of  soluble  iron  phosphate,  0.00875  Gm,  of  quiniaei  an 
0.000275  Gm.  of  strychnine,  both  in  the  form  of  phosphataf. 

It  is  not  within  the  scope  of  this  work  to  furnish  numerous  f" 
mulas  for  elixirs,  but  there  is  one  elixir  deserving  of  special  consiile 
ation,  because  it  has  been  the  source  of  much  vexation  to  pharmacist 
this  ia  the  elixir  of  pepsin,  bismuth,  and  strychnine. 

Elixir  Fepsini,  Bismutbi  et  Btrychninse ;  Xlixir  of  Pepsi 
Bismuth,  and  Strychnine. — One  of  the  chief  difficulties  in  ronnt 
tion  with  this  elixir  has  been  the  preparation  of  a  neutral  liqii 
which  shall  permanently  retain  all  three  of  the  active  ingredients 
solution.  Pepsin  is  active  only  in  acid  fluids,  and  its  action 
inhibited,  and  in  the  course  of  time  destroyed,  by  alkalies.  Tl 
official  bismuth  and  ammonium  citrate  is  not  a  very  stable  coi 
pound,  and  although  perfectly  soluble  when  freshly  prepared, 
plain  water,  it  loses  this  property  in  time,  owing  to  decompositii 
of  the  ammonium  citrate ;  in  alkaline  liquids  it  rvtaJns  it8  soluhilil 
but  an  alkaline  fluid  will  not  only  interfere  with  the  pepsin,  li 
may  also  throw  the  stiychnine  out  of  solution.  The  best  that  li 
been  accomplished  thus  far  lias  been  a  neutral  solution  of  tlii 
three  active  ingredients — of  doubtful  stability,  however,  and  likf 
to  lose  the  bismuth  salt  by  precipitation. 

Since  physiciaus  desire  and  extensively  prescribe  the  elixir 
pepsin,  bismuth,  and  strycbDine,  it  becomes  the  duty  of  the  pbi 
macist  so  to  prepare  it  that  a  permanent  solution  shall  result ;  t 
can  only  be  done  with  a  liquid  of  acid  reaction.  In  1888  the  1; 
R.  Rother  called  attention  to  a  permanent  solution  of  bismuth  a 
sodium  tartrate  of  acid  reaction,  and  suggested  its  use  in  place 
the  bismuth  and  ammonium  citrate.  The  following  foraiula  I 
been  found  by  many  pharmacists  to  yield  an  unexceptiona 
preparation ; 

Take  of 

Pep^n  in  scales  (U.  S.  P.  standBrd) 64  graina. 

Stiychnine 2      " 

Tartaric  Acid 2     " 

Distilled  WWer 4  fluidounoM. 

Glycerin 2  " 

Glyc«rite  of  Bitunuth  and  Sodium  TartralA 2  " 

Caramel 4  dmp«. 

Aromatic  Elixir 6  fluidouncM. 

1.  Dissolve  the  pepsin  in  a  mixture  of  1  fluidounce  each 
glycerin  and  water.  2.  Dissolve  the  strychnine  with  the  tart 
acid  in  3  fiuidounces  of  water,  and  add  the  remainder  of  the  glyce 
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the  bismuth  solation^  the  caramel^  and  the  aromatic  elixir.  3. 
Finally,  pour  the  pepsin  solution  into  the  other  liquid.  In  place  of 
the  pepsin  a  corresponding  quantity  of  glycerite  oi  ^^sin,  free  frmn 
mineral  acid^  may  be  used,  and  in  that  case  the  water  and  glycerin 
must  be  reduced  accordingly. 

This  preparation  contains  \  grain  of  official  pure  pepsin,  2  grains 
of  bismuth  and  sodium  tartrate,  and  -^  grain  of  strychnine,  in  each 
flnidi-achm. 

The  glycerite  of  bismuth  and  sodium  tartrate  referred  to  in  the 
above  formula  can  be  prepared  as  follows : 

Take  of 

Bismnth  Subnitrate 1142  ffrains. 

Nitric  Acid 19  nuidrachms. 

Tartaric  Acid 1720  grains. 

Sodium  Bicarbonate 1954     '* 

Glycerin 8  fluidonnces. 

Distilled  Water a  sufficient  quantity. 

Dissolve  the  bismuth  salt  in  the  nitric  acid,  previously  diluted 
with  10  fluidrachms  of  water;  to  the  solution  slowly  add  16  fluid- 
ounces  of  water.     Now  add  860  grains  of  powdered  tartaric  acid, 
and  then  gradually  977  grains  of  sodium  bicarbonate.     Dilute  the 
magma  of  bismuth  tartrate  with  32  fluidonnces  of  water.     Set  the 
mixture  aside  for  five  or  six  hours  and  wash  by  decantation  and 
repeated  aflbsion  of  water^  until  all  nitric  acid  has  been  removed ; 
drain  the  pi-ecipitate  on  a  paper  filter.     Mix  977  grains  of  sodium 
bicarbonate  witn  5  fluidonnces  of  water  and  gradually  add  860  grains 
of  powdered  tartaric  acid,  warming  slightly  to  obtain  a  perfect  solu- 
tion.    Transfer  the  precipitate  of  bismuth  tartrate  to  the  solution  of 
sodiam  tartrate  and  stir  until  dissolved ;  filter  the  solution,  add  the 
glycerin,  and  evaporate  it  on  a  water-bath,  or  dilute  it  with  water  as 
may  be  necessary,  so  that  the  liquid  shall  measure  16  fluidounces. 
Each  fluidrachm  of  this  solution  contains  16  grains  of  bismuth  and 
sodium  tartrate  with  an  excess  of  sodium  tartrate. 


CHAPTER    XIX. 

SPIRITS  OR  ESSENCES. 

In  the  Pharmacopceia  the  term  "epiritua"  is  used  to  designs 
an  alcoholic  solution  of  volatile  substances,  chiefly  volatile  oils;  i 
a  few  cases  water  also  is  added.  Of  the  20  spirits  recognized  in  tl 
Pharmacopoeia,  all  but  5  can  be  conveniently  prepared  by  the  pha 
macist,  as  they  are  quickly  made  and  require  only  the  ordinary  ai)|K 
ratus  usually  found  in  a  dni^tore  ;  as  a  rule,  they  are  prepareo  b 
simple  solution  of  the  liquid  or  gaseous  body  in  alcohol,  altlioiig 
sometimes  resort  is  had  to  distillation.  Whenever  volatile  oils  ai 
used  in  the  preparation  of  spirits,  only  the  very  best  should  V 
selected,  as  the  value  of  the  fiuishtxl  product  depends  entirely  upo 
the  quality  of  the  oil ;  particular  attention  should  ije  paid  to  tho! 
oils  likely  to  have  acquired  a  terebinthinate  odor,  such  as  tbe  oiUc 
juniper,  lemon,  nutmeg,  and  orange  peel. 

The  following  is  a  ust  of  the  official  spirits,  tc^ther  with  tlie 
composition : 

CampoaltlOD. 
Ether  3}  volumes,  Alcohol  6)  Toturu 
Ethereal  Oil  1  volume,  Elber  13  t 

umes,  Alcohol  26  volumes. 
An  alcoholic  solution  of  Ethyl  Kitri 

containing,  when  freshll  mide,  ' 

tween  4  and  5  per  cent  of  the  etl 

real  liquid. 
An  alcoholicBolutinn  of  Ammonia  cr 

tainlng  10  per  cent,  by  Telght 
'.     theiras. 
A  hfdro-Blcoholic  solntion  of  non 

Ammonium   Carbonate,  contain 

70  per  cenL  by  volume  of  Alool 

1  per  cent,  of  Oil  of  Lemon,  and 
per  cent  each  of  nil  of  Nutmeg  : 
Oil  of  Ijivender  Flowers 

on  of  Bitter  Almond  1  volume,  A 
hoi  80  volumes,;i>istilled  Water 
ficient  to  make  100  Tolumes. 

Oil  of  Anise  1  volume,  Alcoho 
volumes. 

Oil  of  Orange  Peel  20  volumes,  Oi 
Lemon  6  volumes,  Oil  of  Corisi 

2  volume^  Oil  of  Antee  )   voh 
^      Alcohol  72^  volumes. 
J  Camphor,  lOGm.,  Alcohol  Bufficiei 
X     nutke  100  Cc  ot  solution. 


lAtln  Name.  EDgllah  Name. 

Spiritus  Xlheria  .    .    .  Spirit  of  Ether   .    . 
Spiritua    ^theriBf'=rP?'""'SP;^^"^ 
?^mp«itus    .   .   .  i      Si^lnV/AnJd^^fj 
3]rit    of    Nitrous 
Ether    (Sweet 
Spirit  of  NiUe) 


■"l 

Spiritua  .iltheria  Ni- p 


Bpiritna  AmmoDiie   .   .  Spirit  of  Ammonia 

SpiritUB       Ammoniiel' Aromatic  Spirit  of 
Aromaticua    .   .    .  \      Ammonia  .    .   . 

o  J  .,„.      . ..,_  (Spirit  of  Bitter  Al- 

SiantM     Amygaal^l    '^^ond.  Essence  of 


Spiritus  Aniai 


Bitter  Almond) 

.  Spirit  of  Anise  . 


Spiritus  Fnimenti  .   .      Whiskey  . 
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Latin  Name.  English  Name.  Composition. 

Spirit™  Chloroformi  .  {®Pf"ii„°^^"°'^{^vXmr'  ^  "*'"°'^'   ^'*'"'''"''  ^ 

n  . ..     p.               .       f  Spirit    of    Cinna-  f  Oil  of  Cinnamon,  1  volume ;  Alcohol,  9 
opintus  ^innamomi  .  -^     ^^^ <^     volumes. 

I^An  alcoholic  liquid  obtained  by  the 
distillation  of  the  mash  of  fermented 
grain  (usually  of  mixtures  of  com, 
wheat,  and  rye). 

Spirit (kultheri«  .  r''^!(Ee^^*oTlOilof^GajJtheria,l  volume;  Alcohol, 

(     Wintergreen)  .  J 
Spiritus  Qlycerylis  Ni-  /  Spirit  of  Glyceiyl  f  An  alcoholic  solution  of  Glyceryl  Tri- 
''tn.tis.  /.  !^.   .   .  {    ^Trinitrates  ."^  [     "^l^j^,  J^ZZLloT'  ""'  "' 
Spiritus  Juniperi    .   .     Spirit  of  Juniper  {^"^U^^'' ^  volume ;  alcohol,  19 

r  Oil  of  Juniper,  8  volumes ;  Oil  of  Cara- 
Spiritus  Juniperi  Com- r  Compound    Spirit        way  and  Oil  of  Fennel,  each  1  vol- 

positus \     of  Juniper  .   .  '       ume ;  Alcohol,  1400  volumes ;  Water 

t     sufficient  to  make  2000  volumes. 

Spiritus  WnduUe  .     Spirit  of  lavender  {  %";,^-tlumr"'  '  '"''""'= 

SpiritusMenthiePipe^  f  ^P'^j',^'  Pepper  f  Oil  of  Peppermint,.!  volume;  Alcohol, 
;*_  *^  s  mint(£88enceof-(  9  volumes.  This  spirit  is  colored 
"* I     Peppermint)    .    i     green  by  peppermint  herb. 

Spiritus  Mentha  Viri-  J^P^^'f^  ,^^  Sl^^^;  (  ^'^  ^/  Spearmint,  1  volume ;  Alcohol,  9 
jjg  -j      mint  ( Essence  of  <<      volumes.    This  spirit  is  colored  green 

t     Spearmint)  .   .    1      by  spearmint  herb. 

TAn  alcoholic  liquid  obtained  by  the 

Spiritus  Vini  Gallici  .      Brandy -j      distillation  of  tne  fermented  unmodi- 

C     fied  juice  of  fresh  grapes. 

SPECIAL  REMABES. 

Spiritus  JEtheris  Oompositns. — Commercial  Hoffmann's  ano- 
dvne  varies  greatly  in  composition,  and  is  probably  never  identical 
^nth  the  official  spirit — in  fact,  manufacturers  do  not  claim  this  to  be 
the  case;  hence  the  necessity  for  discrimination  between  the  two 
preparations  when  physicians  prescribe  compound  spirit  of  ether. 
The  commercial  varieties  of  Hoffmann's  anodyne  are  often  obtained 
as  by-products  in  the  rectification  of  ether,  and  consist  of  mixtures 
of  heavy  and  light  oil  of  wine,  ether,  alcohol,  and  water,  brought 
up  to  a  certain  arbitrary  standard,  varying  with  different  manufact- 
urere. 

Spiritus  JEtheris  Nitrosi. — This  preparation  is  a  very  unstable 
solution,  at  least  as  far  as  the  proportion  of  active  ingredients  is 
concerned;  even  under  the  most  favorable  conditions  it  deteriorates; 
to  retard  this  change  as  far  as  possible,  the  spirit  should  be  preserved 
in  small^  well-stoppered  bottles,  in  a  cool,  dark  place.  Spirit  of 
nitrous  ether  should  be  purchased  in  original  packages,  and  never  in 
bulk  drawn  from  carboys. 

The  chemical  reactions  involved  in  the  manufacture  of  this  spirit 
will  be  explained  elsewhere,  as  also  the  official  method  of  determin- 
ing its  quality. 

Spintns  Ammoniae. — The  object  of  directing  the  use  of  alcohol 
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recently  distilled  aod  preserved  in  glass,  is  to  avoid  discoloralioc 
of  the  liquid,  which  is  likely  to  occur  if  ammonia  gas  be  dissolved  ii 
alcohol  kept  in  barrels  and  containing  organic  impurities.  Spin 
of  ammonia  is  of  the  same  strength  as  official  ammonia  water,  sdi 
is  intended  to  be  used  in  cases  where  the  aqueous  solution  is  ioad 
missible. 

SpiritllB  Anunoilin  AromatiCTU. — Ammonia  water  is  usd  ii 
connection  with  official  ammonium  carbonate,  for  the  purpose  o: 
converting  the  latter  into  the  normal  salt,  as  this  alone  is  soluble  ii 
the  alcoholic  liquid ;  in  order  to  complete  the  change,  it  is  advisab! 
to  let  the  aqueous  solution  stand  for  twelve  or  twenty-four  hour 
before  addinjr  to  it  the  mixture  of  oils  and  alcohol.  Aromati 
spirit  of  ammonia  is  of  faint  color  when  freshly  prepared,  but  gradu 
ally  becomes  darker. 

Spiritns  Framenti. — Whiskey,  as  recognized  by  the  Phannacc 
pceia,  should  contain  from  44  to  55  per  cent,  by  volume  of  alcohol 
which  is  readily  ascertained  by  aid  of  the  alcoholometer  described  oi 
page  64.  100  Cc.  of  whiskey  when  evaporated  to  dryness  slioul< 
not  yield  more  than  0.5  Gm.  of  residue. 

Bpiritiu  Qlycerylis  Nitratls. — Spirit  of  glyceryl  trinitrate  wa 
formerly  officially  recognized  as  spirit  of  glonoin,  a  name  origioall; 
given  to  the  preparatiou  by  the  homoeopaths.  It  is  also  sometinie 
called  spirit  of  nitroglycerin  and  spirit  of  trinitrin,  but  these  name 
are  improper  and  should  not  be  used. ,  The  spirit  should  be  trani 
ported  in  well-stoppered  tin  cans  and  kept  in  a  cool  place  remol 
from  lights  and  fire.  If  through  accident  some  of  tne  spiril  I 
spilled,  especially  a  large  quantity,  a  solution  of  potassium  hydroxid 
should  be  at  once  poured  over  it  to  effect  decomposition,  and  tht 
avert  the  danger  which  would  arise  from  evaporafton  of  tlie  alcohi 
and  leaving  the  explosive  glyceryl  trinitrate  as  a  reMdue. 

SpiritnB  Vini  Oallici.— Official  brandy  should  be  at  least  foi 
years  old,  and  contain  from  46  to  55  per  cent,  by  volume  of  alc«lwj 
the  older  the  brandy  the  finer  is  its  quality.  100  Cc  of  bran( 
upon  evaporation  to  dryness  should  not  yield  more  than  0.5  Gm.  < 
residue,  -^ 


CHAPTER    XX. 

TINCTURES. 

Tincture  is  the  name  applied  to  solutions  of  non-volatile  or 
only  partially  volatile  substances,  in  liquids  other  than  simple  water 
or  glycerin,  and  which  invariably  contain  alcohol ;  solutions  of 
volatile  substances  in  alcohol  are  always  termed  spirits  or  essences. 
While  tinctures  are  usually  assumed  to  be  solutions  of  vegetable 
principles,  this  is  not  the  case  in  all  the  official  tinctures ;  two  of 
these,  the  tinctures  of  iodine  and  ferric  chloride,  are  solutions  of 
inorganic  substances,  and  must  also  be  classed  as  exceptions  to  the 
rule  that  tinctures  are  solutions  of  non-volatile  substances.  The 
menstruum  or  solvent  used  in  the  preparation  of  tinctures  may  be 
simply  alcohol,  various  mixtures  of  alcohol  and  water,  or  of  alcohol, 
glycerin,  and  water,  ammoniated  alcohol  in  the  form  of  aromatic 
spirit  of  ammonia,  and  mixtures  of  alcohol  and  ether ;  according  as 
these  different  menstrua  are  employed,  tinctures  are  divided  into 
groups  designated  as  alcoholic,  hydro-alcoholic,  ammoniated,  and 
ethereal  tinctures,  respectively.  Ethereal  tinctures  are  not  recog- 
nized in  the  U.  S.  Pharmacopoeia,  but  are  employed  to  some  extent 
m  Europe. 

The  rharmacopoeia  recognizes  64  tinctures,  of  which  18  are  made 
with   alcohol   alone,   44   with   a   hydro-alcoholic   menstruum,   and 
2  with  ammoniated  alcohol ;  from  this  it  is  seen  that  the  tendency  is 
in  the  direction  of  weaker  alcohol,  and  many  tinctures  formerly 
made  with  alcohol  exclusively,  are  now  found  equally  efficient  and 
permanent  when  made  with  a  mixture  of  alcohol  and  water.     The 
valuable  solvent  and  preservative  properties  of  alcohol  have  been 
explained  in  a  preceding  chapter;  these  are  retained  in  the  various 
hydro-alcoholic  mixtures,  in  which  the  proportions  of  alcohol  and 
water  are  so  adjusted  that  complete  extraction  of  the  valuable  con- 
stituents of  the  drug  is  iusured  as  well  as  permanence  of  the  solu- 
tion ;  the  solution  of  much  inert  and  unstable  matter  is  likewise 
thus  avoided.     Tinctures  made  with  weak  alcohol  are  also  more 
readily  miscible  with  aqueous  liquids — a  point  often  of  great  value 
in  dispensing  medicines.     The  addition  of   glycerin  to  the  men- 
struum is  frequently  desirable,  to  facilitate  the  perfect  extraction  of 
astringent  and  other  principles,  and  to  prevent  subsequent  changes 
in  the  finished  tincture,  due  to  atmospheric  influences,  which  cause 
gelatinization  of  the  solution  or  deposit  of  unsightly  precipitates. 
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The  followiDg  is  a  list  of  the  official  tinctures  containinj;  glycvriD 
Caniphorated  tincture  of  opium,  4  per  cent, ;  compound  tincture  <> 
cardamom,  6  per  cent. ;  tincture  of  cinchona,  7.5  per  cent. ;  cow 
pound  tincture  of  cinchona,  7.5  per  cent. ;  tincture  of  cinnamon, '. 
per  cent. ;  tincture  of  kino,  15  per  cent. ;  tincture  of  nutgali,  10  p« 
cent. ;  tincture  of  lactucarium,  25  per  cent. ;  tincture  of  rhubarl 
10  per  cent. ;  aromatic  tincture  of  rhubarb,  10  per  cent. 

Tinctures  are,  as  a  rule,  prepared  by  percolation,  except  in  it 
case  of  a  few  resins,  balsams,  gum-resins,  and  extractive  dmgs,  f< 
which  maceration  has  proved  more  satisfactory.  The  process  c 
percolation  has  been  fully  described  on  page  130  d  aeq.,  as  well  i 
the  precautions  necessary  to  insure  perfect  extraction  of  drugs.  Tl 
great  advantages  to  be  derived  from  a  proper  moistening  and  pr 
Hminary  maceration  of  the  drug  have  been  pointed  out  in  thechai 
ter  on  Percolation.  The  value  of  this  mode  of  solution  cannot  I 
overestimated  iu  the  preparation  of  tinctures,  and  as  the  amount  < 
available  menstruum  is  ample,  complete  exliaustion  of  the  Jn 
will  have  been  effected  before  all  the  solvent  has  passed  thnmgi 
the  objection  urged  that  menstruum  is  retained  by  the  marc  c 
be  easily  overcome  (see  page  142),  and  is  but  trilling  as  Ci>nipr 
with  the  gain  in  time  ana  in  the  perfect,  clear  solution  at  or 
obtained. 

In  the  case  of  tinctures  to  be  made  by  percolation,  the  Plianr 
copoeia,  with  very  few  exceptions,  directs  that  the  powder,  havi 
been  moistened  with  the  prescribed  quantity  of  menstruum,  shall 
set  aside  without  being  compressed  for  a  period  varying  from  3  to 
hours  before  it  is  packed  in  the  percolator.  Having  been  propt'i 
packed  and  saturated  with  menstruum,  it  is  allowed  to  macerate 
24  hours  (in  a  few  cases  48  hours)  before  pei-colation  is  started.  T 
preliminary  treatment  is  intended  to  insure  more  thorough  penel 
tion  of  the  cellular  tissue  by  the  menstnmm,  and  has  oeen  foii 
very  effectual  in  furthering  the  extroctifni  of  the  soluble  princif 
sought. 

Whenever  tinctures  are  to  be  made  by  maceration,  the  Phan 
copceia  directs  that  about  three-fourths  of  the  total  menstruum 
added  to  the  powdered  drugs  and  the  mixture  set  aside  in  a  shi 
place  at  a  temperature  of  alwut  15°  to  10"  C.  (59°-68°  F.)  w 
occasional  agitation.  The  length  of  time  required  for  macerat 
varies  for  different  drugs,  from  2  to  14  days,  and  is  specifically  sta 
in  each  official  formula.  At  the  expiration  of  the  specified  time 
mixture  is  filtered  through  absorbent  cotton,  and  when  the  liquid 
all  drained  off  sufficient  menstmum  is  passed  through  the  ar«^ 
bring  the  volume  up  to  the  required  measure. 

Of  the  64  official  tinctures,  39,  or  more  than  one-half  of 
whole  number,  are  directed  to  be  made  by  percolation,  20  by  mai 
ation,  4  by  direct  solution,  and  1  by  decoction  and  subsequent  i 
centration.  In  the  phannacopceial  titles  of  tinctures,  the  name' 
the  drugs  furnishing  the  active  ingredients  are  indicated  in  all 


JO ;  of  these,  6  are  officially  designataj  as  compound  tincitires,  namely : 
the  compound  tinctures  of  benzoin,  cardamom,  cinchona,  gambir,  gen- 
tian, and  lavender.  In  the  remaining  4  titles,  only  the  name  of  the 
chief  ingredient  is  mentioned ;  as  tincture  of  aloes,  camphorated 
tincture  0/  opium,  tincture  oj  rhubarb,  and  aromatic  tincture  of 
rhubarb. 

Upon  exposure  to  air  and  light,  tinctures,  like  all  v^etable 
golutione,  are  prone  to  undergo  change,  and  should,  therefore,  be 
kept  in  well-closed  containers,  in  places  not  exposed  to  direct  sun- 
light ;  extremes  of  temperature  are  equally  hurtful  on  account  of 
possible  change  in  the  menstruum.  Fortunately,  the  deposits  formed 
in  tinctures  consist,  as  a  rule,  only  of  inert  extractive  matter,  which 
may  be  removed  by  filtration. 

Tlie  following  table  shows  the  composition  and  strength  of  the 
official  tinctures,  as  well  as  the  fineness  of  powder  and  the  men- 
struum used  in  their  preparation. 


Table  of  Official  Tinctdkis  abbakoi3)  Alphabetically. 
Tinelara  Made  liy  Perealatiim. 
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" 
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^netvra  Madt  by  Maeeration. 
Quftntlty  of  drug  used  for  1000  Cc. 


rurifled  Aloei,  No.  40  pow- 
der, 10 

Llctiiice  Root,  No.  40  pon- 
der, Si 

PuiiUed  Aloes,  No.  40  pow- 
der, ]( 

Licorice  Boot,  No.   40  pov- 

.Ujrrii.No.  40powdec,  U 

Awfetlda,  weU  bnilied,  ■H 

Arnica,  N.i.  aj  powder,  'Jl 

Sweet  Orange  Peel,  eh  redded,  M 
Benioin,  No.  40  powder,  VI 

BentolQ,  No.  40  powder,  II 

Purified  Aloes,  ^o.  40  pow- 


der, 


CBraway,  No.  40powd€ 
Cochineal,  No,  10  powd 
I  Gamblr.  No,  60  powder 
i  SbIkoti     Cinnamon,    > 

GuBlac,  No.  40  powder, 
GualKC,  No.  40  powder, 


:  Spirit) 


Cloves,  No.  60  powder,  6  " 

Nutmeg,  No,  50  powder,  10  " 

Red  Bauntlers,  Ho.  SO  powder,  10  " 


si,  lb  redded,  GOC 

I 
oderatelf     coane 


'  Opium,  powdered, 
Beniotc  Acid, 
Camphor, 


Squill.  No.  20  powder, 
Balsam  of  Tolu, 
\  Fieih  Herbs,  bruised, 


Dll,  Alcohol. 


jAlcohol.JSOCc.l 


T^neture  Madt  by  Peeoetioi 


quantity  of  drug  used  for  lOOQ  Cc. 


( Quill^Ja,  Goanelr  gi 


f  Bolllrw  wall 
i  sen-edbj-i 
[    ished  Unci 


l.ofwhlch  thefin- 
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The  strength  of  the  tinctures  of  the  U.  S.  Pharmacopoeia  varia 
om  1.6  to  50  Gm.  of  drug,  being  in  the  majority  of  cases  ]0 
■  20  Gm.  for  every  100  Cc.  of  finished  product  The  Bridsh 
harmacojxeia  of  1898  offers  duplicate  formulas  for  the  preparation  of 
s  tinctures;  in  one,  imperial  weights  and  measures  are emploved,iD 
le  other,  metric  weights  and  measures.  The  strength  of  the  offi- 
at  British  tinctures  varies  from  \  ounce  to  5  ounces  of  drug  in 
imperial  pint  (20  fluidounces)  of  finished  product,  or  from  12.5 
m.  to  250  Gm.  in  1000  Cc;  of  the  68  tinctures  reco^iK(l,29 
e  directed  to  be  made  by  percolation  and  26  by  maceration.  The 
rench  and  German  Pharmacopceias  direct  their  tinctures  to  bepw- 
ired  by  maceration,  and,  almost  without  exception,  of  such  streogth 
lat  1  part  of  drug  is  represented  by  about  5  or  10  parts  of  tincture  by 
eight.  While  the  difference  in  strength  between  our  own  and  live 
ritish  tinctures  is  in  the  majority  of  cfises  of  no  great  importance, 
is  quite  marked  in  a  few  tinctures,  and  should  be  borne  in  mind 
hen  filling  British  prescriptions;  thus,  our  tincture  of  aconite  is 
Dout  twice  as  strong  as  the  British  tincture,  our  tincture  of  ran- 
larides  is  8  times  as  strong,  our  tincture  of  iodine  nearly  3  times 
i  strong,  our  tincture  of  strophanthus  4  times  as  strung,  and  out 
ncture  of  opium  50  per  cent,  stronger.  The  following  table  rejiro 
^nts  a  classification  of  the  official  tinctures  based  upon  the  aniouul 
'  drug  represented  in  each  liter : 

Table  of  Official  TiHcruREa  arranoed 


SS  Gm.  of  mydmtic  alkaloids  in  1000  Cc.  .  . 
30Gm.  of  tnydrialic  alkaloids  in  1000  Cc.   .    . 

45  Gm.  of  aconitine  in  1000  Cc 

45  Gm.  of  colcliicine  in  1000  Cc 

DO  Gm.  of  strychnine  in  1000  Cc 

00  Gm.  of  hjdnutine  in  1000  Cc 

jO  Qm.  of  anliydrous  ether«oIuble  nlkaldids  . 
M2.5Gm.ofcr7StalIi2ablemorphineinl000Cc. 
;  Gm.  of  drug  in  1000  Cc 

1  Gm.  of  drug  in  1000  Cc 

iGm.  of  dnigin  lOOOCc 

■  Gm.  of  drug  in  1000  Cc. 

I  Gm.  oE  drug  in  1000  Uc 


K)  Gm.  of  drug  in  1000  Cc.  . 


Belladonnc 
.Aconiti. 
Colchici  Seminis. 


Opii. 

Opii  DecdoiatL 

Opii  C^phorau. 

Moechi. 

I^vandulee  Composii 
Qirdamoini  Com  jhkii 
Gambit  CompoMia. 
Cantharidix. 
Cannabis  Indies. 


Sanguinarue. 

SciiTv. 

StrophanAu. 


10  Gm.  of  drug  in  1000  Cc. . 


Tasle  of  Otnciu.  TaiuWRta 


ACCOBHaro  to  Stbxnoth. — Gmtinued. 
.   .       I^octiUB  Ferri  CbloridL 

Gentiante  CompoBila. 

AsaftetidEc. 

Aurantii  Amari. 

Benzoiui. 

Calenduke. 

Calumhe. 

CardamumL 

CimicifugK. 

CiQchans  CompoutA. 

Cinnamomi. 

UallEe. 


MO  Gm.  of  drug  in  1000  Cc.  . 


Gim 


40  Gm.  of  drug  io  1000  Cc  ■ 
00  Gm.  of  drug  in  lOOO  Cc. . 

UO  Gm.  of  drug  in  1000  Cc  . 


"  Myrrhie. 

"  Pyretbri 

"  Quassise. 

"  Quillajie. 

"  Serpen  tatwe. 

"  Tolatana. 

"  Valeria  lue. 

"  Valerians  Am  moniata. 

"  Zingiberis. 

"  Benzol  ni  CompoBttB. 

"  Rbei. 

"  Aloes  et  Myrrhte. 

"  Rbei  Aromatica. 

''  Auranlii  Dulcii^ 

"  lactucarii. 

''  Limonis  Corticis. 
Tinctune  Herbarum  Recentium. 


8FE0IAL  KEMARES. 

Tinctura  Aconiti;  Tincture  of  Aconite. — This  important 
ncture  requires  care  in  its  preparation,  as  the  drug  is  not  easily 
ihauBted,  The  drug  should  coutain  not  less  than  0.5  per  cent,  of 
xmitioe  when  tested  by  the  official  method  of  assay,  and  percola- 
on  should  be  conducted  at  the  rate  of  not  over  10  drops  per  minute, 
laeh  Cc.  of  the  finished  product  should  contain  0.00045  Gm.  of 
xinitine. 

Tincture  of  aconite  has  a  yellowish-brown  color,  and  on  the  addi- 
un  of  water  becomes  turbid  from  the  precipitation  of  resin.  On 
xxiunt  of  its  potent  character  it  should  never  be  dispensed  except 
1  physicians'  prescriptions.  The  present  tincture  of  aconite  is  very 
uch  weaker  than  that  heretofore  oiScially  recognized,  which  repre- 
nted  0.35  Gm.  of  aconite  root  in  each  Cc,  and  hence  the  dose  is 
•oportionately  larger. 

Fleming's  tincture  of  aconite,  which  ia  still  occasionally  pre- 
ribed,  is  about  ten  times  as  strong  as  the  oflicial  tincture.  It  is 
ade  by  percolating  aconite  root  (1920  grains)with  sufficient  alcohol 
obtain  6  Huidounces  of  tincture. 
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Tinctiira  Aloes ;  Tincture  of  Aloes. — Although  the  Pbitrm&- 
weia  directs  this  tincture  to  be  prepared  by  maceration,  it  can  be 
de  as  well  by  percolation,  owing  to  the  presence  of  the  large  quan- 
'  of  licorice  root,  which  latter  at  the  same  time  materially  modi- 
the  bitter  taste  of  the  tinctUFe.  Tincture  of  aloes  has  a  dark 
ckish-brown  color. 

Tinctnra  Aloes  et  Myrrlue ;  Tmctnre  of  Aloes  and  Hyirli. 
This  tincture  differs  from  the  preceding  in  color,  odor,  and  taele, 
account  of  the  myrrh  preseut,  and  for  the  Bame  reason  is  precifn- 
}d  when  added  to  water.  It  was  at  one  time  prescribed  as  Hiiir 
■mrietatU,  but  is  little  used  now. 

Tinctnra  ArmcEe ;  Tincture  of  -  Amica. — Arnica  flowers  in 
.  20  or  30  powder,  if  thoroughly  moistened,  firmly  packed,  and 
iirated  with  menstruum,  and  then  allowed  to  macerate  for  48  hours, 
I  he  exhausted  by  percolation  as  well  as  by  the  more  tedious  offi- 
1  process  of  repeated  maceration  and  expression.  The  tinctun 
I  a  yellowish-brown  color  and  the  characteristic  odor  of  th( 
wers. 

TinctTira  Asafoetidn ;  Tincture  of  Asafetida. — Since  much  of 
1  commercial  asafetida  is  of  inferior  quality,  only  select  gum' 
in,  containing  not  less  than  50  per  cent,  of  matter  EolubTe  it 
ohol  should  De  used  for  making  the  tincture,  the  value  of  tbi 
ig  residing  in  the  resinous  constituents.  Tincture  of  asafetida  hai 
irownish-red  ciilor  and  the  disagreeable  odor  of  the  drug.  M'hei 
led  to  aqueous  fluids  it  forms  milky  mixtures,  owing  to  precipita 
a  of  resin. 

Tinctnra  Anrantii  Amari ;  Tincture  Of  Bitter  Orange  Peel 
This  tincture  should  not  be  confounded  with  the  next  foliowiDj 
cture.  It  is  made  by  exhausting  the  nnd  of  the  unripe  bittei 
,nge  with  a  hydro-alcoholic  menstruum,  and  has  a  greenish-browi 
or  and  a  bitter  taste. 

Tinctnra  Anrantii  Dnlcis ;  Tinctnre  of  Sweet  Orange  Peel 
Only  the  fresh  peel  from  sweet  oranges  should  be  used  for  thii 
cture,  and  instead  of  the  more  tedious  shredding,  it  may  b« 
ited,  the  outer  rind,  rich  in  oil  cells,  alone  being  used.  The  pre* 
;  ofiBcial  tincture  is  more  than  twice  as  strong  as  the  former.  I 
i  a  deep  reddish-yellow  color  and  a  strong  fragrant  odor,  and  U 
lerior  to  a  solution  of  oil  of  orange  peel  in  alcohol  as  a  flavoring 
int.  The  tincture  of  orange  of  the  British  Pharmacopteia  clowlj 
embles  this  preparation  in  color  and  odor,  but  is  made  from  tht 
sh  peel  of  bitter  oranges. 

Tinctnra  Belladonnn;  Tinctnre  of  Belladonna  LeaTes.— Th« 
■sent  tincture  of  belladonna  is  about  one-third  weaker  than  thai 
merly  official.  Owing  to  the  variation  in  alkaloidal  coDtent  of 
nmercial  belladonna  leaves,  it  should  be  made  from  assayed  leaves 
itaining  not  less  than  0,30  per  cent,  of  alkaloids.  If  the  official 
ections  be  followed,  the  drug  is  not  difficult  to  exhaust,  the  iwult- 
f  tincture  having  a  greenish-brown  color  and  a  hevfj  .narcotic 
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)dor.  Each  Cc.  of  the  tincture  should  contain  0.0003  Gm.  of 
nydriatic  alkaloids.  The  British  tincture  of  belladonDa  is  made 
rom  the  root  and  is  standardized  to  contain  0.0005  Gm.  of  alka- 
oids  in  each  Cc.,  and  is  therefore  about  half  again  as  strong  as  our 
I  WD  tincture. 

Tinctnra  Benioini  Oomposita ;  Oomponnd  Tmetore  of  Ben- 
loin. — This  tincture  is  intended  to  take  the  place  of  numerous  semi- 
iroprietary  preparations  formerly  much  used,  such  as  Wade'a  Ver- 
aia's.  Saint  Victor's  Jesuit's,  Friars',  Turlington's,  Persian,  and 
iwedisb  Balsam.  It  is  of  a  deep  red-brown  color,  has  a  rather 
ileasant  balsamic  odor,  and  yields  with  water  a  reddish-white  opaque 
lixture  havine  an  acid  reaction. 

Tinctnra  Cannabis  Indica;  Tincture  of  Indian  Hemp.— 
!1ie  present  official  tincture  is  about  one-third  weaker  than  the 
inner,  and  only  about  one-fourth  as  strong  as  the  tincture  of  the 
Iritish  Pharmacopceia,  which  latter  is  made  by  dissolving  50  Gm. 
f  extract  of  Indian  cannabis  in  sufficient  alcohol  to  make  1000  Oc. 
r  tincture,  good  Indian  cannabis  yielding  about  12|  per  cent,  of 
itnict.  Tbe  tincture  has  a  deep-ereen  color  and  a  disagreeable 
eavy  odor.     It  is  precipitated  by  addition  of  water. 

IinctTira  Oincnonso;  TinctiiTe  of  Cinchona. — This  prepara- 
on  should  be  made  from  assayed  cinchona  bark  yielding  not  less 
lan  4  per  cent,  of  anhydrous  ether-soluble  alkaloid.'^,  and  should 
intain  0.0075  Gm.  of  these  alkaloids  in  each  Cc.  It  b  richer  in 
kiiloids  than  the  tincture  next  following  and  should  not  be  con- 
unded  with  the  same. 

Tinctora  CinchonES  Composita ;  Compoond  Tincture  of  Oin- 
lona. — Although  the  Pharmacopceia  directs  that  this  tincture  shall 
!  made  from  assayed  red  cinchona  bark  yielding  not  less  than  6 
T  cent,  of  total  anhydrous  alkaloids,  no  requirement  is  made  for 
'finite  alkaloidal  content  for  the  finished  product.  The  tincture 
13  a  brownish-red  color  and  a  very  bitter  taste.  If  the  drugs  have 
■en  carefully  exhausted,  it  will  contain  about  0.005  Gm.  of  cin- 
lona  alkaloids  in  each  Cc.  In  this  as  well  as  in  the  preceding 
icture  the  use  of  a  strongly  alcoholic  menstruum  with  the  addition 

giycerin  prevents  the  deposit  of  cinchona  red,  an  oxidation 
wluct  of  cincho-tannic  acid. 

Tinctnra  Colchici  Seminia ;  Tincture  of  OolcUcnm  Seed.^ 
le  present  tincture  b  about  one-third  weaker  than  heretofore, 
d  sliould  contain  in  each  Cc.  0.0004  Gm.  of  colchicine,  when 
iayed  by  the  official  method.  The  Pharmacopoeia  directs  that  it 
ail  be  made  from  colchicum  seed  containing  not  less  than  0.45  per 
nt.  of  alkaloid. 

Tinctnra  Ferri  Chloridi;  Tinctora  of  Terric  Chloride.— 
though  the  official  formula  at  first  glance  seems  to  direct  an 
creased  quantity  of  solution  of  ferric  chloride,  the  actual  strength 

the  present  tincture  is  about  the  same  as  formerly,  since  the  offi- 
il  solution  contains  only  29  per  cent,  of  anhydrous  ferric  chloride 
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as  agaiost  37.8  per  cent,  heretofore.  When  an  acid  solution  c 
chloride  of  iron  is  mixed  with  alcohol,  as  in  the  official  process,  coi 
tractioa  of  volume  occurs,  and  a  subsequent  addition  of  alcohol 
necessary  to  bring  the  finished  product  up  to  the  required  volumi 
furthermore,  an  ethereal  odor  is  gradually  developed,  due  to  cliemic 
reaction  between  the  acid  and  alcohol.  The  pharmaco]Keial  dire 
tion  to  allow  the  mixture  to  staud  at  least  3  months  before  using, 
intended  to  insure  uniformity  by  bria^ng  all  changes  to  oompletio 
but  it  is  questionable  whether  the  time  stated  is  euflicient  for  lli 
purpose.  When  the  tincture  is  exposed  to  light,  the  ferric  chlori' 
IS  slowly  reduced  to  ferrous  salt,  the  color  of  the  solution  cbangii 
at  the  same  time,  and  hence  it  should  be  kept  protected  from  lighl 

Tinctnra  Oambir  Oomposita;  Tincttire  of  Ctambir.— Tt 
tincture  is  intended  to  take  the  place  of  the  former  compound  tir 
ture  of  catechu,  and  has  been  reduced  to  one-half  the  streop 
True  catechu  not  being  available  in  the  market  any  longer,  gamli 
also  known  as  pale  catechu,  is  now  used  in  its  stead.  The  tiacli 
has  a  reddiah-browu  color  and  a  strongly  astnngent  taste. 

Tinctora  Hydrastis ;  Tmctnre  of  Hyiu-astis.— Instead 
diluted  alcohol,  a  stronger  alcoholic  menstruum  is  now  used  to  feci 
tate  extraction  of  the  drug.  The  tincture  is  required  to  conti 
0.004  Gm.  of  hydrastine  in  each  Cc,  and  must  be  standardu 
accordingly.  It  is  not  miscible  with  aqueous  liquids  without  p 
cipitation,  on  account  of  the  resinous  matter  present. 

Tinctnra  Eyoscjrami ;  Tmcture  of  HyoscyamtiB.— The  pres 
official  tincture  is  about  one-third  weaker  than  formerly.  Hy 
oyamus  is  verj-  variable  in  its  alkaloidal  content  and  much  of 
commereial  article  is  of  poor  quality,  hence  an  assayed  drug  shoi 
be  used  for  malting  the  tincture.  Each  Cc.  of  the  tincture 
required  to  contain  0.00007  Gm,  of  mydriatic  alkaloids. 

Tinctnra  lodi;  Tincttire  of  Iodine. — The  present  offii 
formula  differs  from  former  directions  in  ordering  the  addition 
potassium  iodide,  partly  for  the  purpose  of  retarding  the  formal 
of  hydriodic  acid  and  partly  to  prevent  precipitation  when  the  ti 
ture'is  mixed  with  water.  Each  Cc.  contains  0.05  Gm.  of  poi 
Slum  iodide,  and  when  assayed  should  show  the  presence  of  ah 
0.0686  Gm.  of  iodine.  It  "is  better  to  make  tincture  of  iodini 
small  quantities  and  protect  it  against  I'ght  and  air. 

Tinctnra  IpecacnanhsB  et  Opii ;  Tinctnre  of  Ipecac  t 
Opinm. — This  preparation  may  be  looked  upon  as  a  liquid  form 
Dover's  powder,  as  it  represents  in  each  Cc.  the  equivalent  of  ( 
Gm.  each  of  ipecac  and  opium.  The  concentration  of  the  tinct 
of  deodorized  opium  is  necessary  to  permit  the  introduction  of 
fluidextract  of  ipecac,  the  original  volume  being  restored  by  a» 
tion  of  diluted  alcohol ;  any  precipitate  formed  consists  of  ii 
matter,  and  is  removed  by  filtration. 

Tinctnra  Kino ;  Tinctnre  of  Kino. — In  order  to  better  pro 
this  tincture  against  gelatinization  it  should  be  preserved  in  a  • 
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ID  well-stoppered  Bmall  vials  of  1-  or  2-oz.  capacity,  thus 
;ing  frequent  exposure  to  air. 

actura  Lactucarii ;  Tincture  of  Lactncuiun. — The  object 
ating  the  lactucarium  with  purified  petroleum  bcDzin  is  to 
e  laotucerin  and  caoutchouc-like  matters,  the  active  principles, 
in,  lactucic  acid,  and  lactucopicrin  not  being  affected  hy  that 
In  order  finally  to  get  rid  of  all  benzin  odor,  the  residue 
I  be  dried  in  a  current  of  warm  air.  The  subsequent  percola- 
>f  the  powder  mixed  with  sand  presents  no  difficulty,  the 
principles  being  all  soluble  in  diluted  alcohol,  but  in  order  to 
complete  exhaustion,  the  percolate  should  be  collected  very 
■-  If  carefully  made  the  tincture  is  miscible  with  glycerin  and 
without  precipitation, 

ictora  Lunonls  Oortids ;  Tincture  of  Lemon  Feel. — This 
re  is  of  the  same  strength  as  the  tincture  of  sweet  orange  peel 
ade  ia  the  same  manner.  It  is  intended  to  replace  the  spirit 
on  of  former  pharmacopoeias,  and  is  of  much  finer  flavor  than 
ter, 

ictTiTS  Kncis  Vomicse ;  Tincture  of  Nnx  Vomica. — Being 
by  dissolving  a  specified  quantity  of  standardized  extract  of 
jmica  in  the  prescribed  menstruum,  this  tincture  should  be  of 
m  strength  at  all  times.  The  alkaloidal  strength,  which  here- 
was  fixed  st  0.003  Gm,  of  total  alkaloids  for  each  Cc.  of  fin- 
product,  has  been  changed  to  0.001  Gm.  of  stiychnine.  The 
tincture  has  a  yellowish  color  and  a  very  bitter  taste,  and 
es  opalescent  when  mixed  with  water.  It  is  about  one-third 
r  than  formerly  and  less  than  one>half  as  strong  as  the  tincture 
British  Pharmacopoeia,  which  latter  contains  0.0025  Gm.  of 
Dine  in  each  Cc. 

LCtnra  Opii ;  Tincture  of  Opium. — Opium  readily  yields  its 
constituents  to  water,  and  the  preliminary  treatment  of  the 
powder  with  hot  water  is  intended  to  &cilitate  complete 
)tton  by  the  hydro-alcoholic  menstruum  used  subsequently.  The 
t  tincture  is  slightly  weaker  than  that  formerly  official,  and 
contmn  in  each  Cc.  not  less  than  0.012  nor  more  than  0.0125 
F  orystallizable  morphine.  It  has  a  deep  reddish-brown  color 
e  characteristic  narcotic  odor  and  bitter  taste  of  opium.  The 
I  tincture  is  only  two-thirds  as  strong  as  our  own.  The  name 
lum  is  officially  applied  to  tincture  of  opium  by  the  Pharma- 
.,  and,  owing  te  the  great  abuse  to  which  it  is  put  by  being 
indiscriminately  to  the  public,  it  should  be  dispensed  only  on 
ians"  prescriptions  or  to  persons  known  not  to  be  addicted  to 
i  of  opium. 

LCtnra  Opii  Deodorati;  Tinctnre  of  Deodoriied  Opinm.— 
ier  to  deprive  opium  of  its  peculiar  nauseating  principle,  to 
the  characteristic  odor  of  the  drug  is  due,  the  Pharmacopoeia 
.  that  a  concentrated  infusion  of  opium  shall  be  treated  with 
iccessive  portions  of  purified  petroleum  benzin.     This  plan  is 
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preferable  to  the  more  annoying  treatment  with  ether  formerly  use 
because  do  emulsion  is  formed  and  the  benzin  can  be  easily  wp 
rated  from  the  aqueous  fluid.  Other  methods  for  deodotiiii 
infusions  of  opium  have  been  suggested  at  different  times,  and  il 
following,  less  troublesome  than  the  benzin  treatment  and  equal 
efficacious,  has  been  found  very  satisfactory  by  the  author  and  mai 
others.  It  was  firat  suggested  by  F.  T.  Gtordon  in  1900.  Ad  inl 
eion  obtained  by  exhausting  100  Gm.  of  granulated  opium  '*'\ 
water  is  concentrated  to  500  Cc.  and  heated  to  about  82°  C.  (179.1 
F.);  150  Gm.  of  paraffin,  melting  at  about  50°  C.  {122°  F.),a 
now  added  in  small  pieces,  and  when  liquefied  the  mixture  is  ibc 
oughly  stirred  or  shaken  for  ten  minutes  until  the  paraffin  no  loa^ 
seems  to  darken  in  color.  After  cooling  the  hardened  crust  of  pan 
fin  is  broken,  the  deodorized  liquid  poured  oflT,  and  the  dish  ai 
under  side  of  the  paraffin  washed  with  a  little  cold  water,  the  vas 
ings  being  added  to  the  decant^  liquid.  The  mixture  is  filter 
through  paper  and  the  filtrate  made  up  to  a  volume  of  800  Cc. 
addition  of  water,  afier  which  200  Cc.  of  alcohol  are  added,  a 
finally  enough  water  to  bring  the  volume  up  to  1000  Cc. 

Tincture  of  deodorized  opium  ia  of  lighter  color  than  the  on 
nary  tincture  of  opium  and  without  the  disagreeable  narcotic  oc 
of  the  latter,  but  is  directed  to  be  of  the  same  morphine  strength, 

Tinctora  Fh7aostis:matia ;  Tincture  of  Fnysostigma,  a 
known  as  Tincture  of  Oalabar  Bean. — The  present  tiocture 
about  one-third  weaker  than  that  formerly  official,  and  should  o 
tain  in  each  Cc.  0.00014  Gm.  of  the  ether-solnble  alkaloids  of  1 
drug.  It  is  of  a  pale  brownish-yellow  color,  and  should  be  p 
served  in  small,  well-stoppered  vials,  protected  from  light,  od  accoi 
of  the  sensitiveness  of  tne  alkaloidal  salts,  when  in  solution,  to  I 
influence  of  air  and  light. 

Tinctnra  Qnassisa ;  Tinctnre  of  Quassia. — This  tincture  I 
a  light   brownish-yellow   color  and  a  persistently  bitter  taste, 
differs  from  most  bitter  tinctures  in  not  oeing  colored  black  or  gn 
by  addition  of  ferric  salts,  since  it  contains  no  taDDin.     The  pres 
tincture  is  twice  as  strong  as  the  former. 

Tinctnra  QniUajn ;  Tincture  of  QoiUfOa,  or  Soapbark 
Boiling  wat*r  extracts  all  the  saponaceous  principles  from  quilii 
but  also  considerable  inert  matter,  which  is  sought  to  be  removed, 
the  official  proce.=«  for  making  the  tincture,  by  addition  of  alcob 
the  latter  also  finally  preserves  the  finished  product. 

Tinctora  Sangmnariie  ;  Tinctnre  of  Sangninaria,  also  knn 
as  Tinctnre  of  Bloodroot. — The  addition  of  acetic  acid  (2  per  c€ 
by  volume  of  the  intended  finished  product)  to  the  menstruum 
only  facilitates  the  extraction  of  the  alkaloidal  constituents  of 
dnig,  but  also  materially  improves  the  stability  of  the  tincti 
The  present  official  tincture  of  sanguinaria  is  only  two-thirds 
strong  as  the  former. 

Tinctnra  Stramonii ;  Tinctnre  of  Stramoniam. — Stramoni 
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ing  been  replaced  by  the  leaves  in  the  Pharmacopceia,  the 
is  now  made  from  the  latter.  Since  stramonium  leaves  vary 
it  in  their  alkaloidal  content,  the  tincture  should  be  ma.as 
ives  which  have  been  assayed,  in  order  to  insure  tlie  full 
of  alkaloids  in  the  finished  product,  which  is  0.00025  Gm.  in 
Tincture  of  stramonium  has  a  greenish-brown  color  and 
ir  odor  reminding  somewhat  of  l^Uadonna,  but  more  pro- 
bora  Strophanthi ;  Tincture  of  Strophanthos.— Since  the 
Itrophautbus  Komb4  is  the  only  variety  officially  recf^nized, 
ture  should  be  made  from  it.  When  prepared  strictly 
;  to  the  Pharmacopceia,  the  tincture  is  at  first  cloudy  and 
f  deposits  fatty  matter,  slowly  becoming  brighter.  Stroph- 
«eds  contain  considerable  fixed  oil,  which  can  be  removed 
lation  with  ether,  before  using  the  official  menstruum  ;  ether 
a£fect  the  active  prindple  strophanthin,  which  b  perfectly 
a  diluted  alcohol.  Thd  use  of  etlier  has  been  objected  to 
nt  of  its  volatile  nature  and  the  expense,  and  Scoville  and 
D  1899,  su^;eated  the  removal  of  the  fat  by  a  process  of 
which  has  proved  quite  successful.     The  tincture  prepared 

I  to  pharmacopceial  directions  is  placed  in  a  flask  and  the 
ried  in  a  mixture  of  crushed  ice  and  salt,  and  allowed  to 
;here  for  two  hours.  The  temperature  rapidly  sinks  to 
,  (6.8°  F.),  and  at  the  end  of  the  prescribed  time  an  abun- 
li-flocculent  grayish  sediment  will  have  been  formed,  which 
ed  by  filtration  through  paper  in  a  funnel  kept  packed  in  ice 

The  resulting  product  is  bright  in  appearance  and  leaves 
stain  when  evaporated  on  bibulous  paper, 
ireseut  official  tincture  of  strophanthus  is  twice  as  strong  as 
er,  representing  in  each  Cc.  0.10  Gm.  of  the  seed. 
:iira  vanillse ;  Tincture  of  Vanilla. — This  preparation  is 
ly  called  Extract  of  Vanilla,  although  the  commercial 
of  vanilla  do  not  by  any  means  all  correspond  to  the  official 

Many  of  the  commercial  products  are  colored  solutions  of 
!  vanillin  in  alcohol  and  water,  and,  if  so  made,  can  be 
listinguished  from  the  tincture  made  from  the  bean  by  the 
T  method :  Evaporate  some  of  the  extract  of  vanilla  on  a 
th  so  as  to  get  rid  of  the  alcohol,  make  up  the  original 
>y  addition  of  ivater,  and  acidify  M-ith  acetic  acid ;  a  reddish- 
recipitate  of  resin  will  form  in  the  case  of  an  extract  made 

bean,  while  absence  of  such  resin  will  indicate  that  it  was 

II  of  vanillin  or  perhaps  «>umarin.  The  filtrate  from  such 
the  case  of  the  official  tincture,  should  give  a  copious  pre- 

ipon  the  addition  of  solution  of  Itasic  lead  acetate.  In  case 
ct  was  made  partly  from  vanilla  bean  and  partly  from  syn- 
inillin,  the  amount  of  precipitate  must  be  compared  with 
lined  from  a  like  quantity  of  extract  known  to  be  made 
n  only. 
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It  should  be  borne  in  mind  tbat,  since  tincture  of  vaDilla  is  i 
altogether  as  a  flavoring  agent,  the  flavor  will  be  much  improvn 
age,  and  it  is  a  good  plan  to  set  the  finished  product  aside  foi 
months  or  longer  before  using. 

Tinctora  Veratri ;  Tincture  of  Veratnun. — The  name  T 
ture  of  Veratrura  Viride  having  been  dropped  from  tlie  Pharm 
pceia,  it  should  be  remembered  that  the  omcial  drug  veratnim ' 
indicate  either  the  green  or  white  variety  of  veratnim,  or  \ 
The  present  tincture  has  been  reduced  to  one-fourth  the  Etreagtl 
the  lormer  aud  represents  in  each  Cc.  0.10  Gm.  of  veratnim,  li 
tbe  dose  must  be  increased  accordingly. 

TiQCtOTEe  Herbamm  Recentinm ;  Tinctures  of  Fresh  He 
—These  tinctures  can,  of  course,  only  be  made  from  such  plaai 
grow  in  this  country,  and  must  vary  in  quality  according  to 
amount  of  moisture  present  in  the  drug;  the  use  of  alcohol 
menstruum  prevents  the  solution  of  much  inert  matter,  and  ins 
the  presence  in  the  finished  product  of  all  constituents  soluble 
strongly  alcoholic  fluid. 


CHAPTER  XXI. 

WINES  AND  VINEGARS. 

8E  two  classes  of  preparations  are  but  little  used  b^  pfaysi- 
b  the  present  time,  and  their  number  has  been  gradually 
led.  The  Pharmacopoeia  now  recognizes  10  official  wines 
invars. 

WINEB. 

1  white  and  red  wines  are  recognized  in  the  PhannacoiXEia ; 
the  preparation  of  the  official  medicated  wines,  with  one 
ID,  only  the  white  wine  is  directed,  on  account  of  its  lesser 
ncy,  and  in  5  cases  the  alcoholic  strength  of  the  prepara- 
increased  by  the  addition  of  alcohol.  This  fortification 
rine  is  particularly  necessary  to  insure  the  stability  of  vege- 
lutions  during  warm  weather.  Native  wines  can  now  be 
I  of  good  quality,  and  are  given  preference  by  the  Fharma- 
The  chief  difference  between  white  and  red  wines  lies  in  the 
loring-matter  and  larger  proportion  of  tannin  in  the  latter, 
the  fact  that  in  the  case  of  red  wines  the  pericarp,  or  skin 
;rape,  is  allowed  to  remain  with  the  expres.sed  juice  during 
itioQ ;  were  the  skins  carefully  removeo,  many  dark-colored 
rould  also  yield  white  wines,  for  the  juice  is  naturally  col- 
Much  of  the  tannin  found  in  wines  may  also  be  derived 
i  casks  in  which  they  are  stored.  As  white  wines,  as  a  rule, 
only  very  small  proportions  of  tannin,  they  are  preferred  as 
a  for  medicated  wines. 

presence  of  appreciable  quautities  of  tannin  in  wine  is 
y  objectionable  if  the  wine  is  to  be  used  in  connection  with 
.  other  metallic  salts;  moreover,  tannin  is  incompatible  with 
s,  and  hence  wine  not  deprived  of  its  tannin  should  never 
as  a  menstruum  for  alkaloidal  drugs.  The  process  of  free- 
ze from  tannin  is  termed  detannating  them,  and  is  a  very 
peratiun.  The  simplest  plan  is  to  add  J-  ounce  of  gelatin  in 
>r  No.  60  powder  to  1  gallon  of  the  wine,  and  agitate  occa- 
during  twenty-four  or  forty-eight  hours;  then  filter.  The 
1  is  preferably  carried  out  during  cold  weather  or  in  a  cold 
it,  as  heat  will  cause  the  gelatin  to  dissolve,  and  the  mace- 
ust  be  continued  until  a  small  portion  of  the  wine  mixed 
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with  a  few  draps  of  ferric  chloride  solution  shows  no  darkening 
color,  Gektiu  in  large  pieces  is  not  suitable,  especially  ffith  » 
containing  much  tanntn,  since  the  newly  formed  tannateof  gel 
will  be  deposited  on  the  surface  and  prevent  further  intiaiat^c 
tact  of  the  gelatin  with  the  wine.  Formerly  freshly  prepared  ft 
hydroxide  was  much  employed  for  detannating  wine,  but  the  el 
objection  to  its  use  is  the  fact  that  some  iron  invariably  is  taken 
by  the  acid  present  in  the  wine;  moreover,  the  process  is  n 
tedious  than  in  the  case  of  gelatin.  As  the  removal  of  tannin  f 
wine  in  no  way  interferes  .with  its  quality — alcoholic  strength 
aroma  remaining  the  same,  and  only  coloring- mutter  being  libl 
supply  of  detannated  wine  should  be  kept  on  hand,  for  it  re<{i 
very  little  more  lal>or  to  detannate  a  gallon  than  a  pint. 

If  ferric  hydroxide  is  to  be  used,  it  must  be  freshly  prepared, 
a  convenient  quantity  then  be  added  to  the  wine — about  8  ou 
of  the  expressed,  but  moist,  precipitate  to  a  gallon. 

Both  whit«  and  red  wines  have  an  acid  reaction,  due  to  p< 
siura  bitartrate  held  in  solution ;  this  acidity  is  limited,  by  the  P 
macopceia,  to  from  4,49  to  7.78  Gra,  of  free  acid  per  liter, 
amount  of  solid  matter  in  wines  should  range  between  1.5  aofi 
per  cent.,  and  may  be  ascertained  by  evaporation  and  drying  nr 
water-bath  during  twelve  hours.  The  Pharmacopceia  also  spot 
the  alcoholic  strength  to  be  from  7  to  12  per  cent,  by  we 
which  is  equal  to  8.6  to  15  per  cent,  b^  volume,  of  abs 
alcohol,  the  official  directions  for  ascertaining  the  percentag 
alcohol  present  being  to  take  the  specific  gravity  of  the  wit 
15.6°  C.  (60°  F.),  evaprat«  a  carefully  measured  portion  of  it, 
tared  capsule,  to  one-tnird  of  its  weight,  cool  and  restore  the( 
nal  volume  by  the  addition  of  water,  and  again  take  the  sip 
gravity  of  the  liquid  at  15.6  °  C.  (60°  F.) ;  flie  difference  bet 
the  two  specific  gravities  subtracted  from  1.000  indicates  the  sp 
gravity  of  an  alcohol  containing  the  same  percentage  of  ab; 
alcohol  as  the  wine,  the  corresponding  percentage  Iwing  ascert 
by  reference  to  the  alcoholometric  tables  published  in  the  Phi 
copceia.  Suppose  the  wine  before  evaporation  has  a  specific  gr 
of  0.9930,  and  after  evaporation  and  addition  of  water,  l.< 
then  1.0098—0.9930  =  0,0168,  and  1.000  —  0.0168  =  0.983: 
referring  to  the  tables  it  is  found  that  alcohol  of  0.9832  i\ 
gravity  at  15.6  C.  (60°  F.)  contains  between  10  and  11  per 
bv  weight,  or  between  12  and  13  per  cent,  by  volume,  of  ab 
ala>hol, 

Reil  wines  are  frequently  colored  artificially  with  aniline, ' 
coloration  may  be  detected  by  the  tests  officially  directed  fm 
purpose.  If  red  wine  be  mixed  with  twice  its  volume^  of  p 
solution  and  a  small  quantity  of  chloroform,  and  the  mixture 
carefully  heated,  the  presence  of  certain  aniline  colors  will  dt 
a  very  disagreeable  odor,  due  to  the  formation  of  isonitril. 
sine   may  1»  detected  by  the  crimson  color  imparted  to  unc 
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bre  placed  in  contact  with  a  mixture  of  acetic  acid  and  an 
lal  extract  of  red  wine  previously  treated  with  ammonia- water 
less;  as  the  mixture  is  evaporated  in  a  porcelain  dish  the  color 
eh>]>ed.  Hydrochloric  acid  should  not  produce  a  red  color  if 
to  a  filtrate  obtained  from  shaking  warm  red  wine  with  man- 
e  dioxide,  showing  the  absence  of  enlpho-fuchgine. 
HE  Official  Medicated  Wines. — With  one  exception,  wine 
ium,  these  are  all  prepared  by  simple  solutiuu  of  the  medicinal 
ID  the  menstruum.  Owing  to  their  limited  use,  they  should  be 
in  small  quantities  only. 


w  Officiai.  Wimes  showino  Stbenhth  and  Menstruum  Used. 
Made  by  Maixiatvm, 


.1  v.»^     iQuftDtltyordrug  uaed    FIdodfu  of 


hWliicUOplum 
.  .   .      N  Cinnamon 


i\ 


Length  of 
Maceration. 


■!■} 


Ithougb  not  a  standardized  preparation,  if  properly  made,  wine 
ium  ia  of  the  same  morphine  strength  as  the  tincture,  namely, 
1-0.0125  Gm.  in  each  Cc.  It  was  formerly  known  as  Syden- 
)  Laudanum. 


Made  by  Simple  Solution. 


Andmonlt:   Wine  ot  Antl- 

Cocn ;  Wtoe  of  CoC& 

Colehlcl  S«mln1i>:  Wine  of 
icumSeed 

Ergotx  :  Wine  of  Ergot    .  .  . 

rerri:  Wine  of  Iron.  (Thia 
ru  formerly  officially  known 
am  Ferrl  fcltratli ;  Wine  of 
Cltmle) 

rerrt  Am&mm ;  Bitter  ^ 
[lecaciianha ;  Wloe  of  Ipecac 


Composition. 

I  Anllmony  and  Potassium  Tartcau    ....       4  Gm. 

I  Boiling  Distilled  Wnter 85  Cc. 

1  Alcohol 175   ■■ 

I  While  Wine,  euffldenl  to  make 1000   " 

fFluldeiiraclof  Coca 65   || 

ISumr     .■.■..'.■...*.!.,,!.,'.'     850m. 

iRea  Wine,  lulBcienl  tomakc looOCc. 

(FluideitraclofColchloumSeed 100  ■■ 

J  Alcohol ISO   " 

1  White  Wine 550  " 

fFluldeitmctof  Ei^ot 209  " 

■<  Alcohol 50   " 

IwhiteWlne 750   " 

(Iron  and  Ammonium  Citrate 40 Gm. 
Tincture  of  Sweet  Orange  Feci 00  re. 
Pvron IW  ■■ 
While  Wine,  anfflclent  to  make lOtifl  " 

{Soluble  Iron  and  Quinine  Citrate iCGm. 
Tincture  of  Sweet  Orange  Feel am*^' 
IfMtc  wine,  mfflciehiui  make'  .'  .'  ."  !  .*  !  1000  ■■ 

jFluldeitMnn  of  Ipecac ifS  ■■ 

IWMteVne'.'.'  '.'.'.'.  '.'.'.'.'.'.'.'.'.'.    SOO  " 
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VTNEGAAB. 


The  valuable  solvent  as  well  as  preservative  properties  of  diluted 
acetic  acid  were  at  one  time  croployed  for  a  larger  class  of  prepara- 
tions than  at  present,  of  which  the  vinegar  of  opium  and  vine^r  of 
squill  alone  are  now  recognized  in  tlie  Pharmacopceia.  The  officiid 
diluted  acetic  acid  is  made  by  mijcing  1  part  of  36  per  cent  acetic 
acid  with  5  parts  of  water,  and  contains,  therefore,  6  per  cent  of 
absolute  acetic  acid. 

The  Official  Vinegars. — These  are  made  by  maceration  and 
subsequent  expression,  and  represent  10  Gm.  of  the  drug  in  lOOCc 
of  finished  product. 

Acetnm  Opii. — ^Vinegar  of  opium  is  made  by  macerating  IOC 
Gm.  of  powdered  opium  and  30  Gm,  of  nutm^  in  No.  30  powder 
with  500  Cc.  of  diluted  acetic  acid,  for  seven  days,  with  frequen 
agitation;  aller  expressing  the  liquid  the  residue  is  mixed  will 
200  Cc.  of  diluted  acetic  acid  and  again  expressed.  After  miiinj 
and  filtering  the  liquids,  200  Gm.  of  sugar  are  dissolved  in  the  fil 
trat«,  and  sufficient  diluted  acetic  acid  is  added  to  bring  the  yoIuid' 
up  tfl  1000  Cc. 

Vin^ar  of  opium  is  of  about  the  same  morphine  strength  as  tb 
tincture  and  wine,  coutaining  0.012-0.0125  Gm,  in  each  Cc. 

Acetnm  ScUIeb;  Vinegar  of  Squill. — The  Phai-macopoei 
directs  that  100  Gm.  of  squill  in  coarse  (No.  20)  powder  be  macei 
ated  with  900  Cc.  of  diluted  acetic  acid  during  7  days,  with  fr 
quent  stirring ;  the  mixture  is  then  strained  through  muslin  and  tl 
dregs  on  tlie  strainer  washed  with  sufRcient  menstruum  to  bring  tl 
volume  of  the  strained  liquid  nearly  up  to  1000  Cc.  After  heatin 
this  liquid  to  boiling,  it  is  filtered  while  hot,  and  when  cool  enouj 
diluted  acetic  acid  is  added  to  the  filtrate  to  make  the  product  mea 
ure  1000  Cc 


CHAPTER  XXII. 

FLUIDEXTRACTS. 

s  term  flaidextract,  in  its  present  acceptation,  is  applied  to 
crated  alcoholic  or  hydro-alooholic  solutions  of  vegetable 
les,  which  are  permanent  and  represent  all  the  active  virtues 
drugs  from  which  they  are  made ;  they  are  officially  rec<^ 
D  the  Pharmacopceias  of  the  United  States,  Great  Britain, 
ly,  and  Switzerland,  difTering  but  slightly  in  strength  iu  the 
iiDtries. 

idextracts,  or  liquid  extracts,  as  they  are  called  in  Great 
,  were  first  introduced  about  the  year  1832;  their  origin, 
h  generally  credited  to  American  pharmacy,  belongs  more 
y  to  England,  since  in  1834  English  fluidextracts  were 
known  in  this  country.     Prior  to  1847  very  little  interest 

to  have  been  taken  in  this  class  of  preparations  in  the 
States,  only  3  fluidextracts  being  on  record  as  in  use  at  that 
lamely,  senna,  valerian,  and  rhubarb ;  from  that  time  for- 
uidextracts  grew  in  favor,  and  the  Pharmacopceia  of  1850 
trking  formiilas  for  7  concentrated  solutions,  of  which,  how- 
ily  1 — valerian — is  deserving  of  the  title  of  fluidextract  in 
sent  definition  of  that  term ;  2  were  oleoresins — cubebs  and 
>epper;  and  4  concentrated  syrups — rhubarb,  sarsaparilla, 
■nd  spigelia  and  senna.  In  1860  the  number  of  fluidextracts 
(■  recognized  was  increased  to  25,  in  1870  lo  46,  in  1880  to 
890  to  88,  and  in  the  present  (1900)  edition  of  the  Pharma- 
35  are  directed.  Besides  these  a  large  number  of  unofficial 
racta  are  annually  produced,  and  this  class  of  preparations 

considered  as  the  most  important  galenicals  used  by  physi- 

r  to  1880  the  strength  of  fluidextracts,  as  prescribed  by  the 
copoeia,  was  1  grain  of  drug  to  1  minim  of  fluidextract ; 
lat  time  the  pharmacopoeial  strength  is  baaed  upon  the  rela- 
the  metric  measures  of  weight  and  capacity,  so  that  any 
jf  a  given  drug  is  to  be  converted  into  a  fluidextract  having 
c  of  the  same  weight  of  water  at  its  maximum  density,  or, 
r  words,  1  Gm.  of  the  drug  is  represented  by  1  Cc.  of  the 
ract.     The  exceptions  to  this   rule  are  the  fluidextracts  of 

belladonna  root,  cinchona,  coca,  colchicum  seed,  conium, 
Is,   hyoscyamus,    gnarana,   ipecac,  nux   vomica,   pilocarpus, 

and  stramonium,  all  of  which  are  directed  to  be  standard- 
definite  alkaloidal  strength.  British  liquid  extracts,  with 
ptioQ  of  those  of  belladonna,  cinchona,  ipecac,  licorice,  nux 
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Tomicfl,  male  fern,  opium,  and  pareira,  are  of  the  strength  o 
avoirdupois  ounce  to  1  imperial  fluidounce,  which  pracliaillv  c 
responds  to  our  own.  In  Germany  each  Gm.  of  drug  is  reprsen 
by  1  Gm.  of  flnidextract,  the  relation  being  weight  for  weiglit. 

AH  the  official  fluidextracts  are  directed  to  be  preparra  by  \ 
eolation,  a  menstruum  uniform  in  alcoholic  strength  bemg  emplo 
during  the  process  of  exhaustion.  When,  however,  glycerio  is  u 
with  the  first  portion  of  the  menstruum,  percolation  is  coDtio 
and  finished  with  a  liquid  of  the  same  alcoholic  strength,  but 
mixed  with  glycerin.  By  evaporating  the  weak  percolate  I 
soft  extract,  most  of  the  water  is  also  expelled,  and  the  compi 
lively  small  portion  remaining  with  the  extract  will  occasion  bu 
slight  change  in  the  menstruum  of  the  reserved  portiou,  which 
the  same  time,  is  the  best  solvent  for  the  extractive  matter ;  fina 
the  addition  of  fresh  menstruum  will  not  change  the  alcoh 
strength  of  the  liquid. 

It  is  important  that  the  exiiaustion  of  the  drug  be  conductetl 
carefully  as  possible,  so  that  the  reserved  portion  may  represei 
solution  of  nearly  the  whole  active  virtues  of  the  drug;  with 
end  in  view,  the  rate  of  percolation  for  1000  Gm.  of  drug  she 
be  adjusted  to  about  3  drops  per  minute,  at  which  rate  alioiit  10 
can  l>e  collected  in  an  hour.  la  the  hands  of  a  careful  oper 
handling  such  quantities  as  are  given  in  the  pharmacopceial  formv 
the  official  process  yields  verj-  satisfactory  results,  and  the  danger  i 
ing  from  evaporation  of  the  weak  percolate  may  well  be  disregar 
since  from  85  to  90  per  cent,  of  the  active  principles  are  most  li 
contained  in  the  reserved  portion,  therefore  only  a  trifling  pro 
tion  of  the  medicinal  virtues  of  the  drug  will  be  subjected  to  I 

The  official  directions  for  the  preparation  of  fluid  extracta 
intended  for  the  quantity  of  drug  designated  in  the  formulas, 
must  of  necessity  often  be  modified  by  manufacturers  who  ow 
upon  hundreds  of  pounds  at  one  time ;  fineness  of  powder,  ai 
of  packing,  and  rate  of  percolation  must  be  adapted  to  the  quai 
of  material  in  hand.  Manufacturers  in  some  oases  resor 
repeated  maceration  and  expression  instead  of  percolation. 

Authority  is  given  by  the  Pharmacopoeia  to  employ,  « 
it  may  be  applicable,  the  process  of  repercolation  without  ch 
of  initial  menstruum.  This  process,  wnich  is  fully  describe 
page  143,  is  followed  by  several  manufacturers,  and  does  •■ 
with  the  possibility  of  injury  from  application  of  heat.  Reper 
tion  is  particularly  adapted  to  the  preparation  of  fluidextracts, 
the  only  objection  that  can  be  ui^d  against  its  use  is  the  enfi 
necessity  of  carrying  on  hand  a  series  of  bottles  containing 
percolates  for  each  fluid  extract  made;  disregarding  this  ann< 
feature,  the  process  is  less  troublesome  than  any  other,  and  ii 
case  of  some  drugs  must  yield  fluidextracts  of  superior  c|^uality. 

All  fluidextracts,  no  matter  how  carefully  made,  will  beg 
deposit  soon  after  they  are  completed,  and  this  precipitation 
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inue  for  a  varying  leagtb  of  time.  The  menatrmim  dissolves 
tin  extractive  principles  which  it  is  incapable  of  retaining  in 
ect  solution  aflerwara  under  changes  of  temperature,  and  thus 
10  method  is  known  to  prevent  entirely  such  separation,  which 
ugmented  by  exposure  to  light,  air,  and  heat.  Fluidextracta 
lared  without  heat  are  less  prone  to  deposit  than  when  made  by 
official  process,  and  in  these  the  amount  of  precipitate  is  often 
trifling ;  happily,  frequent  examinations  of  precipitates  in  fluid- 
acts  have  disclosed  the  fact  that  they  consist  chiefly  of  inert 
active  matter,  and  therefore  do  not  affect  the  medicinal  value  of 
preparation.  All  freshly  made  fluidextracte  should  be  set  aside 
■ell-stoppered  glass  vessels,  in  dark  and  moderately  cool  places, 
a  perioa  of  two  or  three  months,  before  filtering  and  bottling 
1 ;  this  plan  is  universally  followed  by  lai^  manufacturers,  and 
ains  the  absence,  in  many  cases,  of  appreciable  deposits,  Fhar- 
ists  will  find  that  fluideztracts  can  he  made  from  selected  drugs 
small  scale  as  perfectly  as  in  lai^  quantities,  and  simple  appear- 
,  so  ntlen  misleading,  is  no  criterion  as  to  quality. 
Vith  few  exceptions  the  fluidextracts  of  the  Pharmaeopteia  are 
ared  by  the  following  general  formula;  the  quantity  of  meu- 
im  for  moistening  the  drug,  the  degree  of  pressure  to  be  used  in 
ling,  and  the  quantity  of  percolate  to  be  set  aside  as  reserve  being 
ified  in  each  case : 

000  Gm.  of  the.  powdered  drug  of  the  prescribed  degree  of  fine- 
are  thoroughly  moietened  with  a  certain  quantity  of  the  initial 
rfruum  and  packed  more  or  le^  firmly  Ina  cylindrical  percolator  ; 
drug  having  been  properly  covered  with  a  paper  diaphragm, 
gh  tnerutruum  is  poured  on  to  saturate  completely  Ike  powder  and 

1  a  stratum  above  ii.  When  liquid  begins  to  drop  from  the  pcrco- 
;  close  the  lower  orifice,  and  having  dosely  covered  the  percolator 
reveiU  evaporation,  macerate  for  forty-eigkt  hours.  Then  allow 
olailon  to  proceed  slowly,  gradually  adding  menstruum  {alcohol  or 
hoi  and  water)  utUil  the  drug  is  exhausted.  Reserve  the  first  700 
)0  Cc.  of  the  percolate,  and  evaporate  the  remainder,  at  a  temper- 
e  not  exceeding  50°  C.  (122°  F.),  to  a  soft  extract;  dissolve  this  in 
•eserved  portion  and  add  enough  menab-uum  to  make  the  fiuid- 
td  measure  1000  Oe. 

n  the  case  of  fluidextracts  to  be  standardized,  the  Pharmacopoeia 
not  direct  the  finished  product  to  be  brought  up  to  the  volume  of 
>  Cc.  After  dissolving  the  soft  extract,  obtained  by  evaporation 
le  weak  percolate,  in  the  reserved  portion,  the  whole  is  thoroughly 
j*l  and  the  liquid  then  assayed  ;  from  the  results  thus  obtained, 
mount  of  active  principle  present  in  the  remainder  of  the  liquid 
dculated,  and  sufficient  menstruum  is  added  to  bring  tlie  fluid- 
Kit  up  to  the  prescribed  standard. 

)oQcentration  of  the  weak  percolate  is  usually  effected  by  dis- 
ig  off"  the  alcohol  in  a  suitable  apparatus  on  a  water-bath,  and 
ly  evaporating  the  liquid,  in  a  porcekin  capsule,  to  the  proper 
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consistence,  preferably  with  constant  stirring.  The  Phanoacopceia 
does  not  in  every  case  specify  the  temperature  for  evaporation,  but 
it  is  best  to  keep  ii  always  below  50°  C,  (122*^  F.),  bo  as  to  avoid 
changefl  in  the  extractive  as  far  as  possible. 

Arraneed  according  to  the  menstruum,  the  official  fiuideitract; 
may  i^e  divided  into  21  classes,  as  follows : 

Made  with  alcohol :  aromatic  powder,  capsicum,  cimicifuga,  cubeb. 
gelsemium,  ^nger,  Indian  cannabis,  lupulin,  savin,  veratrum. 

Made  with  alcohol  4  volumes,  water  1  volume :  belladonna  root 
eriodictyon,  euonymus,  mezereum,  podophyllum,  rhubarb,  scopola 
serpentaria,  stavesacre. 

Made  with  alcohol  3  volumes,  water  1  volume :  aconite,  buclm 
calamus,  eucalyptus,  grindelia,  ipecac,  leptandra,  matico,  nux  vomia 
(with  acetic  acid),  sumbul,  valerian,  xanthoxylum. 

Made  with  alcohol  7  volumes,  water  3  volumes:  caiumba. 

Made  with  alcohol  2  volumes,  water  1  volume :  bitter  orange  ped 
colchicum  seed,  hyoscyamus,  stramonium,  viburnum  opuliis,  viburnuD 
prunifolium. 

Made  with  alcohol  6i  volumes,  water  3}  volumes :  cunvallaria. 

Made  with  alcohol  1  volume,  water  1  volume  (diluted  alcohol) 
berberis,  chimaphila,  chirata,  coca,  conium  (with  acetic  acid),  cypri 
pedium,  digitalis,  ergot  (with  acetic  acid),  eupatorium,  gentiai 
guarana,  krameria,  lappa,  phytolacca,  pilocarpus,  quillaja,  rubtu 
Scutellaria,  senna,  gpigelia,  stillingia,  taraxacum. 

Made  with  alcohol  5  volumes,  water  8  volumes:  frangula. 

Made  with  alcohol  4  volumes,  water  6  volumes:  cascara  sagradi 

Made  with  alcohol  1  volume,  water  2  volumes :  quassia,  sarsap: 
rilla. 

Made  with  alcohol  8  volumes,  glycerin  1  volume,  water  1  volume 
followed  by  a  mixture  of  alcohol  8  volumes,  water  2  volumct 
cinchona. 

Made  wilh  alcohol  6  volumes,  water  3  volames,  glycerin 
volume,  followed  by  a  mixture  of  alcohol  2  volumes,  water  1  volume 
hydrastis. 

Made  with  alcohol  6  volumes,  water  3  volumes,  glycerin  I  volura 
followed  by  a  mixture  of  alcohol  6  volumes,  water  4  volumei 
apocynum,  geranium,  pareira. 

Made  with  diluted  alcohol  9  volumes,  glycerin  1  volume,  follow* 
by  diluted  alcohol :  pomegranate,  querciis,  rhus  glabra,  rose,  sarsap 
rilla  (compound  Huidextract). 

Made  with  alcohol  3  volumes,  water  6  volumes,  glycerin 
volume,  followed  by  a  mixture  of  alcohol  1  volume,  water  2  volume: 
hamamelis. 

Made   with    alcohol   2   volumes,  water  5   volumes,  glycerin 
volumes :  uva  ursi. 

Made  with  alcohol  2  volumes,  wat«r  6  volumes,  glycerin 
volumes :  wild  cherry. 


FLUIDEXTRACT8. 


286 


lade  with  alcohol  6  volumes,  water  3  volumes,  solution  of  potas- 

I  hydroJide  0.3  volume :  senega. 

lade  with  alcohol  2  volumes,  glycerin  1  volume,  water  1  volume, 

wed  by  diluted  alcohol :  aromatic  cascara  sagrada. 

ilade  with  diluted  acetic  acid,  10  per  cent,  solution :   lobelia, 

uinaria,  squill. 

riade  with  boiling  water,  glycyrrhiza,  triticum.     Finished  product 

ains  about  25  per  cent,  by  volume  of  alcohol  as  a  preservative, 

in  the  case  of  glycyrrhiza  also  25  per  cent,  of  glycerin  and  6 

xnt.  of  ammonia  water. 
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SPEOIAL  REHARES. 
Lextractum    Aconiti;    Fluldextract   of   Aconite. — The 

iised  by  the  PharmacopiBia  for  this  fluidextract  is  0.004 
iconitine  in  each  Co.,  to  be  determined  by  titration  with 
ic  acid  solution. 

ieztractuiu  Belladotmse  Badicis ;  Fltiidextract  of  Bella- 
,00t. — Ab  indicated  in  the  title,  this  preparation  must  always 

from  the  root  of  belladonna.  The  stjindard  fixed  by  the 
opoeia  is  0.004  Gm.  of  mydriatic  alkaloids  in  each  Cc,  to  be 
ed  bv  titration  with  vohimetric  acid  solution.  The  liquid 
f  the  British  Pharmacopoeia,  also  made  from  root,  is  87.5 
stronger,  containing  0.0076  Om.  of  alkaloids  in  each  Cc. 
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m  Oannabis  Indicse ;  Fluideztract  of  Indi 
led  Flnideztract  of  Indian  Hemp. — There  see 
)r  this  preparotioo  in  the  Fharmacopceia,  since 
3ture  of  Indian  bemp  are  official.  Much  of  i 
s  of  poor  quality,  and  it  seems  desirable  to  hs 
ted  physiologically  before  it  is  used.  Fluideilr 
ems  particularly  suited  for  the  process  of  repen 
Dstituents  of  the  drag  are  easily  affected  by  ht 
to  air. 

m  Oinchonie ;  Fluldeztract  of  Cinchona,  a 
nnideztract  of  Califtaya  Bark. — The  stand; 
oacopoeia  for  this  fluidextract  is  0.04  Gra.  of  : 
ible  alkaloids  In  each  Co.,  to  be  determined  gra 
:he  alkaloids  have  been  dried  for  J  hour  ai 
0=  C.  (248°  F.).  The  British  liquid  extract 
rom  red  cinchona  and  contains  0.05  Gm.  of  al 

m  Cocss ;  Flnidextract  of  Coca. — The  stand 
rmacopceia  for  this  flnidextract  is  0.005  Gm. 
sids,  to  be  determined  by  titration  with  volumei 

m  Colchici  Seminis ;   Flnidextract  of  Oolc 

standard  fined  by  the  Pharmacopoeia  for  1 
i4  Gm.  of  colchicine  in  each  Cc.,  to  be  det^rmii 

m  Conii ;  Flnidextract  of  Coniam.— The  sta 
flnidextract  is  0,0045  Gm.  of  coniine  in  each 
coniine  is  volatile,  it  is  better  to  convert  it  into 

to  weigh  it  in  that  form.  The  weight  of  coni 
lined,  if  multiplied  by  0.777,  will  represent 
coniine.     The  use  of  acetic  acid  in  the  menstni 

of  facilitating  the  extraction  of  the  alkaloid 
during  evaporation. 

m  OlyoyrrWse  ;  Flnidextract  of  Olycyrrhi 
Plnidextract  of  Licorice. — The  directions 
)ot  solely  with  boiling  water  are  based  upon 
ess  acrid  preparation  is  obtained.  Since  the  i 
y  when  treated  with  hot  water,  the  Phamiaoo|i 
«ts  loose  packing  in  the  percolator.  Ader  ( 
tercolate  to  less  than  ^  the  volume  of  the  inten 
'.  is  mixed  with  an  equal  volume  of  alcohol  for 
ng  mucilaginous  matter,  and  filtered  after  3  d; 
cohol  is  recovered  from  the  filtrate  by  distillati 
-water,  and  alcohol  are  added,  and  Inally  suffic 
le  finished  prtxiuct  up  to  the  prescribed  voln 
mtains  25  per  cent,  by  volume  of  glycerin,  20 
id  5  per  cent,  of  ammonia-water. 
in  Onarana ;  Flnidextract  of  aoaruia. — 
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1  fixed  by  the  Pharmacopoeia  for  this  fluidextract  is  0.035 
he  alkaloids  from  guaraaa,  chiefly  caffeiae,  to  be  determined 
trically  afler  drying  the  alkaloidai  residue  to  constant  weight 
ter-bath. 

lextractimi  Hydrastis ;  Fluideztract  of  Hydrastis,  also 
Bs  Koidextract  of  Oolden  Seal.— The  standard  fixed  by 
irmacopixia  for  thi»  fluidcxtract  is  0.02  Gm.  of  hydrastine, 
e  alkaloid  of  the  drue,  in  each  Cc,  to  be  determined  gnivl- 
ly,  after  having  dried  the  alkaloid  to  constunt  weight  on  a 
tth. 

lextractnm  Hyoscyami;  Flnidextract  of  Hyoscyamna, 
\y/a  as  Fluidextract  of  Henbane. — The  standard  fixed  for 
dextract  by  the  Fharmacopceia  is  0.00075  Gm.  of  the  alka- 
jm  hyoscyamus  in  each  Cc.,  to  be  determined  by  titration 
lumetric  acid  solution. 

lextractnm  Ipecacnanhn;  Flnidextract  of  Ipecac. — The 
1  fixed  by  the  Pfaarmacopceia  for  this  flnidextract  is  0.015 
the  mixed  alkaloids  from  ipecac  root  in  each  Cc.,  to  be 
led  by  titration  with  volumetric  acid  solution.  The  liquid 
iif  ipecac  of  the  British  Fharmacopceia  is  stronger  than  our 
iitaining  from  0.02  to  0.0225  Gm.  of  alkaloids  in  each  Cc. 
dextractnm  Lobelise ;  Flnidextract  of  Lobelia. — This  is 
the  new  class  of  fluidextracts,  prepared  with  10  per  cent. 
ziS.  as  a  menstruum,  and  contains  no  alcohol.  It  nas  been 
y  experiments  that  certain  drugs  are  well  suited  for  this 
it,  and  that  the  finished  product  keeps  as  well  as  if  made 
oholic  or  hydro-alcoholic  menstrua,  represents  the  full  virtues 
Irug,  and  is  less  liable  to  precipitation  when  mixed  with 
liquids.  The  fluidextracts  of  sanguinaria  and  squill  are 
the  same  manner  as  fiuidextract  of  lobelia, 
name  acetracts  has  been  proposed  as  a  distinctive  title  for 
is  of  fluidextracts,  but  it  is  very  doubtful  whether  it  will 
officially  adopted. 

iextractnmNncis  Vomicae ;  Flnidextract  of  Nnx  Vomica. 
standard  fixed  by  the  Fharmacopceia  for  this  fiuidextract  is 
,  from  that  heretofore  prescribed,  being  0.01  Gm.  of  strjch- 
each  Co.,  to  be  determined  by  titration  with  volumetric  acid 
The  proportion  of  strychnine  in  the  total  alkaloids  of  nux 
varj'ing  from  45  to  55  per  cent.,  the  present  flnidextract  is 
e-third  stronger  than  heretofore.  As  powdered  extract  of  nux 
contains  5  per  cent,  of  strychnine,  .small  quantities  of  the 
•act  may  be  made  by  dissolving  2  Gm.  of  the  powdered 
in  snfllicient  menstruum  (alcohol  i  volumes,  water  1  volume) 
!  10  Cc.  of  solution.  The  British  liquid  extract  of  nux 
is  50  per  cent,  stronger  than  our  own,  containing  0.015  Gm. 
hnine  in  each  Cc, 

lextractnm  niocarpi ;  Flnidextract  of  Filocarpns,  also 
IS  Flnidextract  of  Jaborandi. — The  standard  fixed  by  the 
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Pharmocopceia  for  this  fluidextract  is  0.004  Gm.  of  the  alkali 
fn>ai  pilocarpus  in  eacli  Cc.,  to  be  determined  by  titration  witb  vi 
metric  acid  solution. 

Floidextractnm  Qnercns;  Fluidextract  of  Qnentu,  i 
known  as  Fluidextract  of  Oak  Bark. — Since  only  wliite-uak  b 
is  officially  recognized  under  the  title  Quercus,  the  commercial  fli 
extract  of  red-oak  bark  should  not  be  used  when  simply  fluidextj 
of  que  reus  is  prescribed. 

flmdextractmn  Qnilliuse;  Fluidextract  of  Qoilli^a,  i 
known  as  Fluidextract  of  Soapbark. — On  account  of  the  tc 
properties  of  soap-bark,  the  use  of  the  fluidextract  in  medicine 
extremely  limited,  aud  the  value  of  the  preparation  in  phamiac; 
very  questionable. 

Flnideztractiuii  Tthftmiii  PurBhianse  AromaticTiin ;  Aronu 
Fluidextract  of  Gascara  Sagrada. — This  preparation  is  souietii 
called  Aromatic  Cascara,  and  is  also  known  as  Tasteless  Fluidexli 
of  Ca'M^ra,  although  it  is  not  by  any  means  tasteless.  The  magni 
is  used  for  the  purpose  of  destroying  the  very  l)itter  taste  of 
cascara  bark,  and  the  addition  of  licorice  root  and  compound  sp 
of  orange  materially  impi-oves  tlie  taste  of  the  finished  product.  It 
been  stated  that  maceration  with  water  aud  subsequent  drying  bcl 
moistening  with  menstruum  are  not  essential  fur  the  complete  dcsti 
tion  of  the  bitter  taste,  but  in  the  author's  experience  this  modit 
tion  of  the  process  is  not  satisfactory.  Slaked  lime  has  also  t 
su^ested  in  place  of  magnesia,  but  has  been  found  inefficient 
yields  an  inferior  preparation.  The  finished  product,  if  carefully  m; 
has  a  pleasant,  sweetish  taste. 

Fluidextractnm  Rnbi;  Fluidextract  of  Bnbns,  also  kn< 
as  Fluidextract  of  Blackberry  Root. — The  menstruum  hereto 
used  for  this  fluidextract  did  not  yield  an  entirely  satisfactory  p 
aration,  and  it  was  thought  that  perhaps  an  increase  in  the  propor 
of  glycerin  might  overcome  the  difficulty,  but,  according  to  F 
Remington,  the  best  results  are  obtained  by  omitting  all  glyc 
aud  nsing  diluted  alcohol  alone. 

Fluidextractnm  Scopoln;  Fluidextract  of  Scopola. — ' 
preparation  so  closelv  resembles  fluidextract  of  belladonna  roc 
constituenta  and  meaicinal  value  that  it  is  practically  identical  ' 
the  same.  The  standard  fixed  by  the  Pharmacopoeia  is  a'so  0 
Gm.  of  mydriatic  alkaloids  in  eacii  Co.,  to  be  determined  by  titrs 
with  volumetric  acid  solution. 

Fluidextractum  Senegse;  Fluidexti-act  of  Senega.— 
addition  of  potassium  hydroxide  solution  to  the  menstnmm  is  foi 
purpose  of  forming  ,soliii)le  compounds  with  the  pectin  princ 
present  in  the  root,  and  thus  prevent  gelatinization  of  the  fluitlext 
Ammonia-water  was  employed  formerly  for  the  same  purpose,  1 
solution  of  the  fixed  alluilies  seems  preferable. 

Floidextractnin  Seniue;  Fluidextract  of  Senna. — The  pK 
fluidextract  is  a  quite  different  preparation  from  that  formerly  off 
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ch  as  the  drug  is  first  treated  by  percolation  with  stroog 
,  wliereby  odorous  resinous  matter  is  removed,  to  which  the 
efiect  of  seoua  is  due.  The  alctiholic  tincture  is  rejected, 
^seuoa,  having  been  dried,  is  then  extracted  with  dilut^  alco- 
1  the  fluidextract  made  according  to  the  general  formula, 
isbed  product  represents  all  the  v^uable  me^cinal  virtues  of 

g- 

idextractma  StlUin^e ;  Fluidextract  of  Stillingia. — This 
ract  will  sometimes  gelatinize  on  standing;  this  may  be 
.  by  uging  a  stronger  alcoholic  menstrunm  (alcohol  3  volumes, 

volume),  or  by  adding  sugar  in  the  proportion  of  10  to  12 
t.  of  the  weight  of  the  drug. 

dextractnm  Stramonii ;  Fluidextract  of  Stramomom. — 
cial  title  now  refers  to  the  fluidextract  of  stramonium  leaves, 
nunonium  eeed  is  no  longer  recognized.  The  standard  fixed 
Pharmacopoeia  for  this  fluidextract  is  0,0025  Gm.  of  mydriatic 
,s  in  each  Co.,  to  be  determined  by  titration  with  volumetric 
ution, 

dextractnm  Taraxaci ;  Fluidextract  of  Taraxacum,  also 
as  Fluidextract  of  Dandelion  Root. — The  addition  of 
hydroxide  solution  to  the  concentrated  tincture  is  for  the 

of  neutralizing  the  acidity  present  and  thus  produce  a 
tion  miscihle  with  alkali  carbonates  or  bicarbonates  without 


dextxact  of  Conch  GraBS. — Although  the  Pharmacopoeia 
percolation  with  boiling  water  to  exhaustion,  digestion  of  the 
jt  drug  will  be  found  equally  useful  in  every  way,  the  opera- 
>e  repeated  once  or  twice,  as  may  be  necessary ;  the  infusion 
then  be  rapidly  concentrated,  anil  when  cold  mixed  with  the 
nod  set  aside  for  48  hours,  whereby  mucilaginous  and  albu- 
matter  is  separated.  The  finished  product  contains  25  per 
alcohol,  which  protects  the  saccharine  liquid  against  fermen-% 

lextractum  Veratri ;  Fluidextract  of  Veratmm. — Since    - 
iai    title  Veratrum  is  now  understood  to  apply  to  the  dried 

and  roots  of  both  veratrum  viride  and  veratmm  album,  the 

the  fluidextract  has  been  changed  accordingly. 


\ 
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Extracts  are  permanent,  soft,  solid,  or  dry  preparations,  obtain 
by  evaporation  of  a  solution  of  the  medicinal  principles  of  (Jnij 
These  solutions  are  prepared,  as  a  rule,  in  the  manner  alr«n 
explained  under  Fluiuex tracts,  the  solvents  or  menstrua  employi 
being  either  water,  water  and  alcohol,  alcohol,  or  ether.  Accordii 
to  the  dilferent  menstrua  used  in  their  manufacture,  extracts  s 
divided  into  aqueous,  hydro-^dcokolic,  alcoholic,  and  ethertai,  t 
last-named  class  being  recognized  in  the  Pharmacopoeia  under  t 
name  of  oleoresinK.  In  frej^h  plants  the  solution  of  the  niedlcii 
principles  is  represented  by  the  juice,  and  may  be  obtained 
expression  ;  extracts  prepared  by  simple  evaporation  of  the  frt 
juice  of  a  plant  are  usually  known  as  inspist^ated  juices. 

The  U.  8.  Fhamiacopoeia  does  not  recognize  inspissated  juic 
since  the  narcotic  herbs  which  are  extensively  used  in  Europe  : 
this  purpose  are  not  indigenous  in  the  United  States.  The  juice 
obtained  from  the  fresh  plant,  after  removal  of  extraneous  matter, 
bruising  in  a  stone  mortar  with  the  aid  of  a  hard-wood  pesde  ur 
reduced  to  a  smooth,  pulpy  mass,  which  is  then  strongly  expre* 
in  canvas  bags ;  in  order  to  recover  all  the  juice,  the  residue  is  of 
mixed  with  water  and  again  expressed.  When  the  plant  is  i 
sufficiently  moist  to  enable  the  formation  of  a  soft  pulp,  water 
sprinkled  over  it  from  time  to  time, 

Besides  the  medicinal  principles,  the  expressed  juices  of  fr 
herbs  contain  also  mucilaginous  and  albuminous  matter  in  solui 
and  variable  quantities  of  chlorophyl  or  green  coloring-matter 
suspension ;  of  these,  the  albuminous  principles  are  most  objecti 
able,  as  upon  concentration  of  the  juice  they  undergo  chajige 
are  likely  to  render  the  finished  extract  tough  and  insoluble.  \V 
roots  are  expressed,  as  in  the  case  of  the  corm  of  colchicum,  sta 
which  is  present  in  the  juice  in  place  of  chlorophyl,  passes  thre 
the  press-cloth,  and  must  be  removed  by  subsidence  and  decantal 
The  British,  German,  and  French  Pharmacopoeias  directthe  rerai 
of  albuminous  matter  by  heating  the  juice  to  from  80°  to  90 
(176°  to  194°  F.)  and  filtering.  The  coagulated  albumen  envc 
the  green  coloring-matter  and  removes  it  al.w,  which  fact  is  d 
garded  in  Germany  and  France,  and  accounts  for  the  brown  < 
of  the  extracts  made  from  fresh  lierbs  in  those  countries.  In  G 
Britain  the  chlorophyl  is  carefully  separated  by  heatiug  the  I 
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to  55°  C.  (131°  F.)  and  BtrainiDg  through  calico;  the  liquid 

heated  to  94°  C.  (201 .2°  F.),  and  after  fittering  out  the  coagu- 
Ibumeu  evaporated  to  a  thin  ^rup,  the  chlorophyl  is  reincor- 
1   and  evaporation  continued,  with  constant  stirring,  to  the 

consistence.  This  explains  the  Brm  condition  and  tine  green 
if  Bume  of  the  British  narcotic  extracts.  Tlie  German  Phar- 
Kia  alone  provides  for  the  removal  of  the  gummy  matter,  and 
its  narcotic  extracts  are  relatively  much  stronger  than  those  of 
itish  and  French  Pharmacopoeias.     The  solubility  of  gummy 

is  not  in  any  way  afiected  by  heating,  and  therefore  the  til- 
liquid,  after  removal  of  the  copulated  albumen  and  chloro- 
s  evaporated  to  10  per  cent,  of  the  original  weight  of  the 
lerb  used,  mixed  with  an  equal  volume  of  alcohol,  and  set 
or  twenty-four  hours  to  allow  the  precipitated  gum  to  subside, 
decautation  the  precipitate  is  washed  with  diluted  alcohol, 
is  added  to  the  other  clear  liquid,  and  the  whole  evaporated  to 
idition  of  a  soft  solid, 

isistence  of  Extracts. — The  U.  S.  Pharmacopoeia  rec^nizea 
Linds  of  solid  extracts,  those  of  a  soft,  semiliquid  consistence, 
ick  honey,  those  of  pilular  consistence,  and  those  evaporated 
plete  dryness.  A  piluJar  consistence  is  such  a  condition  as 
low  the  extract  to  be  rolled  into  masses  of  pilular  form  with- 
Ihering  to  the  fingers  or  subsequently  losing  shape ;  tliis  is 
met  with  in  the  market,  except  in  the  case  of  British  narcotic 
»,  which  derive  their  firmness  chiefly  from  the  chlorophyl  and 
Y  matter  present.  Pilular  consistence  for  the  extracts  made 
1  country,  by  the  official  formulas,  is  practically  unattainable 
ieasons,  for  extracts  made  in  summer  are  likely  to  become  too 
1  ivinter,  while  those  evaporated  to  the  proper  consistence  in 

are  prone  to  soften  in  summer.  Some  extracts  become  tough 
ird  in  the  course  of  time ;  these  are  best  retained  in  proper 
on  by  incorporating  with  them,  while  still  warm,  10  per  cent. 
r  weight  of  glycerin,  as  suggested  in  the  Pharmacopoeia.  The 
on  of  complete  dryness  is  not  applicable  to  ail  extracts,  but 

readily  maintained  for  all  those  so  directed  by  the  Pharma- 
,  provided  heat  and  moisture  be  excluded. 

late  years  powdered  extracts  have  come  extensively  into 
d,  and  their  convenience  in  dispensing  pharmacy  cannot  be 
.  Sugar  of  milk  is  to  be  preferred,  wherever  possible,  as  a 
b  on  account  of  its  perfect  solubility,  but  in  some  cases  finely 
red  licorice  root  has  been  found  much  better  for  maintaining 
ilverulent  condition  of  the  extract,  especially  during  damp  or 

weather.  The  respective  finely  powdered  drugs  have  also 
sed  with  success  as  diluents.  Large  manufacturers,  as  a  rule, 
repare  |Jowdered  extracts  by  evaporating  the  percolate  to  dry- 
1  vacuum  stills,  where  concentration  and  desiccation  can  be 
i  at  a  low  temperature  without  possible  injury  to  the  coustitu- 
1  solution ;  the  dry  extract  is  subsequently  reduced  to  fine 
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powder  in  pebble-mills,  whereby  heat  is  avoided.  Powdered  exti 
may  readily  be  prepared  of  delinite  strength,  especinlly  those  wl 
owe  their  medicinal  value  to  alkaloidal  or  resinous  cootstituents ; 
ia  the  absence  of  speciBc  constituents  to  be  used  as  a  basis 
gtaodardization,  the  Pharmacopceia  has  directed  that  they  shall  be 
definite  relation  to  the  crude  drugs  from  which  tliey  have  been  resf 
ively  made.  The  following  are  the  standardized  extracts  of 
U.  S.  Pbarmacopceia :  Of  delinite  alkaloidal  strength,  belladc 
leaves,  colchicum  corm,  hyoscyamus,  nux  vomica,  opium,  phv 
tJgma,  scupola,  and  stramonium — 8 ;  representing  4  times  t 
weight  of  the  respective  crude  drugs,  cascara  sagrada,  cimieif 
euonymus,  and  leptacdra — 4 ;  representing  8  times  its  weight 
crude  drug,  ei^t — 1;  representing  10  times  its  weight  of  ci 
drug,  quassia — 1.  In  Germany,  powdered  narcotic  extracts 
prepared  of  one-half  the  original  strength  of  the  extract,  by  addi 
of  finely  powdered  licorice  root. 

The  Abstracts  of  the  U.  8.  Pharmacopoeia  for  1880  were  cl< 
allied  to  the  present  powdered  extracts.  They  were  much  we 
preparations,  being  made  to  represent  twice  their  weight  of  c 
drug.  The  general  plan  for  preparing  abstracts  was  to  mal 
fluidextract  of  the  drug  with  strong  alcohol,  to  mix  this  with  i 
sugar  of  milk,  dry  by  spontaneous  evaporation  in  a  warm  p 
then  add  sufficient  sugar  of  milk  to  bring  the  product  up  to  one- 
the  weight  of  the  powdered  drug  used,  and  anally  reduce  to  a 
powder. 

To  avoid  the  tendency  of  powdered  extracts  to  cake,  cau9e< 
their  hygroscopic  nature,  Dr.  A.  B.  Lyons,  in  1899,  introduc 
line  of  extracts  in  the  form  of  scales,  for  which  it  is  claimed 
they  are  in  many  respects  superior  to  powdered  extracts.  These 
extracts  are  obtained,  according  to  the  statement  of  Dr.  Lyon 
first  preparing  a  highly  concentrated  liquid  extract  of  the  respe 
drugs  by  the  use  of  menstrua  which  leave  behind  as  much 
constituents  as  possible.  Having  ascertained  by  experiment 
much  dry  re.'jidue  is  obtainable  from  these  liquid  extracts,  suffi 
acacia  is  added  to  insure  a  definite  standard  of  strength,  whicl 
previously  been  fixed  upon,  in  the  finished  product.  The  sol 
is  then  spread  on  plates  of  glass  and  dried  in  a  current  of  wam 
The  particular  menstrua  used  for  the  different  drugs  have  thu 
not  been  made  known.  Scale  extracts  somewhat  resemble  the 
scale  salts  in  appearance,  and  with  warm  water  readily  form  mi 
less  turbid  solutions.  As  in  the  case  of  powdered  extracts, 
owing  their  value  to  alkaloids  are  brought  to  a  definite  standai 
alkaloidal  percentage  ;  but  in  the  case  of  other  scale  extracta  a 
form  strength  has  been  adopted  corresponding  to  four  time 
weight  of  the  drug  represented. 

Changes  by  ETaporation. — AH  plants  contain  one  or 
principles,  which,  though  originally  colorless,  are  very  easily  al 
under  the  influence  of  air  and  heat,  acquiring  a  yellow  or  b 
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It  is  not  known  whether  the  so-called  colorless  extractive  is 
n  all  plants,  neither  is  its  composition  or  the  nature  of  the 
i3  produced  tinder  the  conditions  mentioned  known,  except 
ie  neat  of  boiling  water  and  the  prolongetl  action  of  oxygen 
(invert  it  ultimately  into  a  blackish  insiduble  subatance,  to 
the  name  apotfteme  has  been  given,  and  which  appears  to  be 
to  hrimin.  Extractive  is  almost  insoluble  in  abHolute  alcohol 
her,  but  dissolves  freely  in  weaker  alcohol  and  water,  and  is 
ed  from  its  solution  by  animal  charcoal  and  aluminum 
tide,  the  more  readily  after  it  has  become  colored  by  oxida- 
It  is  with  difficulty  freed  from  admixtures,  and  the  terms 
bitter,  acrid,  etc.,  as  applied  to  extractives,  refer  to  the  same 
a  a  more  or  less  altered  condition,  combined  or  intimately 
with  other  principles  to  which  the  peculiar  taste  is  due.  The 
us  influence  of  air  and  heat  upon  the  vegetable  juices  is 
confined  to  the  alterations  of  this  extractive,  and  extends,  in 
ed  d^ree  only,  to  the  majority  of  the  well-defined  principles, 
icta  have  often  been  much  overrated,  except  as  regards  the 
ance  of  the  extracts.  The  color  of  the  different  extracts 
with  the  nature  of  the  drug  from  which  they  have  been  made, 
ould  never  be  black.  The  characteristic  taste,  and  to  some 
also  the  odor  of  the  drug,  should  be  perceive<l  in  its  extract, 
should  yield  a  nearly  clear  or  moderately  turbid  solution  with 
ostruum  used  in  its  preparation. 

teou  Extracts. — While  decoction  in  some  cases  increases 
Id  of  extract,  by  bringing  intn  solution  starch  and  other  inert 
it  more  frequently  injures  the  quality  of  the  product  by 
ig  changes  in  certain  principles   which  do  not  occur  by  infu- 

lower  temperatures.  There  is  but  one  instance,  that  of 
of  logwood,  in  which  the  Pharmacopceia  directs  extraction 
ing,  and  this  is  on  account  of  the  dilGculty  of  exhausting 
gh  wood.  lu  Europe,  digesdon  is  still  preferred  for  a  few 
i  extracts,  but,  as  a  rule,  maceration  and  percolation  with 
Eiter  have  been  found  to  yield  superior  extracts.  For  the 
ixtraction  of  the  active  virtues  of  the  drug,  an  addition  of 

alkali  is  sometimes  made,  as  in  the  case  of  the  oflicial 
of  colehicum  corm  fliid  pure  extract  of  glycyrrhiza.  In  the 
ition  of  aqueous  extracts  the  solution  is  freed  fi-om  objection- 
atter,  whenever  necessary,  by  heating  to  the  boiling-point 
aining  before  final  evaporation. 

1889,  the  plan  of  concentrating  large  volumes  of  aqueous 
IB  of  extracts  by  means  of  cold  was  formulated  by  M. 
,  a  French  pharmacist,  and  put  into  practice  on  a  large  scale, 
ing  the  su^estions  of  Herrera  (1877),  M.  Adrian  sub- 
he  filtered  aqueous  solutions  to  a  temperature  of — 20°  C. 
^.),  in  an  ammonia  ice-apparatus,  and  thus  obtains  large 
of  ice,  in  which  the  extractive  solution  is  enveloped,  the  pure 
.lone  freezing;  these  blocks  of  ice  are  rapidly  converted  into 
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snow  by  means  of  lai^  shaving  machines.  Another  French  pi 
macist,  M.  Vee,  prefers  to  convert  the  aqueous  solution  into  a  c 
tatline  magma  instead  of  solid  blocks  of  ice,  and  accomplishes 
by  keeping  the  liquid  in  constant  ^tation  during  the  freeiing  p: 
eas.  The  snow-lifce  mass  is  placed  in  centrifugal  extractors,  wl 
about  75  per  cent,  of  water  is  removed.  The  remaining  solutio 
again  subjected  to  cold  (even  a  lower  temperature  than  at  fii 
when  a  syrupy  liquid  is  obtained,  which  can  readily  be  evapon 
to  a  solid  extract,  in  a  vacuum  apparatus,  at  a  temperature 
exceeding  30"  C.  (86°  F.),  Extracts  thus  prepared  are  lightei 
color  than  those  obtained  by  ordinary  vacuum  or  open-air  evapi 
ti on,  form  almost  clear  solutions  with  water,  and  possess  the  o 
and  taste  of  the  drug  in  a  marked  degree.  It  has  been  found  I 
all  vegetable  matter  in  solution  is  retained  in  its  original  condit' 
even  tlie  albumen,  water  alone  being  removed. 

Alcoholic  and  Hydro-alcohobc  Extracts. — For  these 
classes  of  extracts  percolation  is  decidedly  the  best  method 
extracting  the  medicinal  principles  of  the  drugs,  the  operation  \x 
continued  to  complete  exhaustion.  If  jiercolation  be  conduct^ 
the  rate  of  5  drops  per  minut«,  from  3  to  4  Cc.  of  percolate  she 
suffice  for  each  Gm.  of  drug.  In  many  cases,  particularly  thost 
the  mydriatic  drugs,  whose  active  principles  are  easily  split  up 
prolonged  application  of  heat,  it  is  very  desirable  to  set  aside  the  I 
third  of  the  percolate  as  reserve,  to  be  incorporated  with  the  rem: 
der  when  this  has  been  reduced  to  the  condition  of  a  syrupy  fli 
The  recovery  of  the  alcohol  is  effected,  as  in  the  case  of  fl 
extracts,  by  distillation  in  a  suitable  still,  the  final  evaporation  be 
conducted  in  porcelain  dishes,  with  constant  stirring,  so  as  to  inf 
a  hom<^neous  mass  and  prevent  the  separation  of  resinous  : 
other  matter.  As  the  concentration  of  the  solution  approaches 
condition  of  a  thick  syrup,  continuous  stirring  is  also  necessary 
prevent  the  formation  of  a  film,  which,  becoming  gradually  thiol 
retards  the  evaporation  of  moisture,  and  consequently  causes 
accumulation  of  heat  within  the  mass,  to  the  possible  injury  of  si 
of  the  constituents.  In  large  manufacturing  establishments  mecl: 
ical  stirrers  are  conveniently  operated  by  steam,  electric,  or  w. 
motors.  Metallic  stirrers  should  never  he  employed,  only  thost 
porcelain,  glass,  or  wood  being  permissible.  To  guard  against 
separation  of  coloring- matter  or  changes  in  other  constituents  of 
solution,  concentration  should  always  be  effected  on  a  water-batl 
a  temperature  not  exceeding  50°  C.  (122°  F.). 

Very  closely  allied  to  extracts  are  two  preparations  wh 
although  not  partaking  of  the  character  of  concentrated  soltiti 
yet  resemble  some  of  the  finished  extracts  in  their  physical  pro 
ties;  they  are  purified  aloes  and  purified  ox-gall. 

Aloe  Purincata;  Purified  Aloes.— The  official  directions 
purifying  aloes  are  to  melt  1000  Gm.  of  aloes  by  means  of  a  wa 
bath,  and,  after  addition  of  200  Cc.  of  alcohol,  to  stir  the  mix 
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id  pass  it  through  a  Ko.  60  sieve  which  has  been  dipped  into 
;  water.     The  strained  mixture  is  evaporated  ou  a  water-bath 

thread  of  the  mass,  upon  cooling,  becomes  brittle;  it  may  then 
lerved  in  lumps  of  convenient  size  in  a  cool,  dry  place. 
;  process  is  strictly  one  of  mechanical  purification,  the  object 
:he  removal  of  pieces  of  wood,  leaves,  and  other  foreign  matter 
'  found  in  aloes ;  the  alcohol  is  added  simply  to  thin  down  the 

aloes  and  facilitate  straining.  By  dipping  the  sieve  into  boii- 
ter,  chilling  and  adhesion  of  the  mixture  are  avoided. 

Bovis  Pimflcatiim;  Purified  Ox-gall.— Fresh  ox-gall  con- 
DDsiderable  mucilaginous  matter  which,  upon  concentration  of 
rmer,  renders  the  inspissated  mass  tough  and  unmanageable — 
Q  be  removed  with  alcohol ;  and  as  liquid  fresh  bile  is  unfit  fer 
il  administration,  purification  is  necessary.  The  U.  S.  Phar- 
eia  directs  that  fresh  ox^ll  be  evaporated  on  a  water-bath  to 
rd  its  volume,  and  then  mixed  with  an  equal  bulk  of  alcohol 
t  aside  in  a  covered  vessel  for  three  or  four  days ;  the  clear 
a  is  then  decantei],  the  remainder  filtered,  and   the   mixed 

evaporated  to  a  pilular  consistence. 

imple  test  of  the  quality  of  purified  ox-gall  is  to  dissolve  it 
;r,  when  a  clear  solution  should  result,  which  should  remain 
irent  upon  addition  of  an  equal  volume  of  alcohol. 

THE  OFFICIAL  EXTRACTS. 

;  Phannacopteia  recognizes  27  extracta,  of  which  !8  are 
d  to  be  made  from  the  drug  direct  and  the  remaining  9  by 
ation  of  the  official  fiuidextracts  of  the  respective  drngs. 
^e  exception  of  extract  of  Indian  cannabis,  this  latter  method 
ited  in  every  case  where  the  fluidextract  of  the  drug  is  made 
le  same  menstruum  which  is  intended  to  be  used  for  the  corre- 
ig  extract.  The  plan  is  convenient  for  the  preparation  of 
8  in  small  quantities,  and  perfectly  proper,  since  from  80  to 

cent,  of  the  liquid  constituting  the  fiuidextract  has  nut  bi>en 
ed  to  heat  at  all,  and  is  therefore  practically  identical  with  a 
ite  freshly  obtained. 
wrding  to  the  menstrua  used  for  extraction  of  the  drugs  direct 

preparation  of  the  fiuidextract  to  be  evaporated,  the  official 
s  may  be  divided  into  the  following  clas-ies : 
de  with  official  alcohol :    cimicifuga,    Indian  cannabis,   and 
ysostigma, 

de  with  a  mixture  of  alcoliol  4  volumes,  water  1  volume : 
Qus,  rhubarb,  and  ecopola. 

lie  with   a  mixture  of  alcohol   S  volumes,  water  1  volume: 
Ira  and  sumbul. 
de  with  a  mixture  of  alcohol  5  volumes,  water  2  volumes : 

ie  with  a  mixture  of  alcohol  2  volumes,  water  1  volume : 
ona  leaves,  hyoscyamus,  and  stramouium. 
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Made  with  official  diluted  alcohol :  colocynth  and  digitalis. 

Made  with  a  mixture  of  alcohol  12}  volumes,  water  87}  volun 
cascara  sagrada  and  taraxacum. 

Made  with  water :  aloes,  colcbicum  corm  (with  addition  of  ac 
acid),  gentian,  glycyrrhiza  (with  addition  of  ammonia  water),  bei 
toxjlon,  krameria,  malt,  opium,  and  quassia. 

Made  with  a  mixture  of  water  13  volumes,  acetic  and  (36 
cent.)  5  volumes,  the  resulting  extract  being  subeequentlj  tret 
with  a  mixture  of  alcohol  S  vcHumes,  water  1  volume,  and  tlie  in 
uble  portion  rejected :  nnx  vomica. 


Ai/PHABcncAi,  List  o 


'  OmciAL  Extracts. 


Skewing  Onfi»eitt»t  ef  Ike  povdered  drug.  At  mautnaim  used,  tin  n^Wml  m 
and  Ihe  averagt  yidd. 


Doiri^n     Puking.  " 


I    400  Cc.     Firm 


Cannabla  Indio 
CimlciruEB .  .  \ 
Colchlcl  Corml  . 


Inel)-  powdered  Licorice  Root. 
I  \  W»ter 

Diluted  Alcohol 


■     Fpobi    lio 
pulp*!  Hi 


DlglUlii  .  .  . 

Enonnnl .   .  . 

GIjcrrrfalnB 

neeniKtozrll  . 
BToscrainl .  . 
Krameiln  ■  . 
Leptaadni  .  . 
Haiti  .  .  .  . 
Niicli  Vomica 


Opil     .  •.  .  . 

PbTKOdKUHltll 
QllUSlK      .    .    . 

Rharanl 


p4rU  of  Ct.  ........... 

Made  by  evaporalion  of  Flnldeitnct  of  Dlgltalli  ........   |   » 


fiTOlll.) 

a   "    (I 

iBde  by  evaporation  of  nuideilnri  of  Eaonyn 
ponllon  ol  fluclT  powdered  Licorice  Root. 
No.  20    '    Water  [      40D  Cc.  1 


ifo'.'i2    I    Water' 

Veryflne'U.^, 

powder.  1  """'■ 

■    Xo.WI        Alcohol 

•■    -JO    I    Waier 

i       "    »      IwS'.r''' 
.  Uail-:  br  eiaporatioD  of 


Acid       5  Tol>.  1 


Boot. 
MOCc 


naldextiBCt  of  Rhubarb.  . 
Scopola. 


Btramonlum. 
Sumbul. 

aocc.   I  .  .  .  . 


issified  oooording  to  their  consistence,  the  official  extracts  may 
ided  as  follows : 

y  Extradfl :  Aloes,  cascara  sagroda,  cimicifiiga,  colocynth,  com- 
colocyath,  euonyraus,  hematoxyton,  krameria,  leptandra,  nux 
a,  opium,  pbysostigma,  and  quassia. 

lular  Extracte :  Belladouna  leaves,  colchicum  corm,  digitalis, 
n,  hyosoyamus,  Indian  cannabis,  licorice  (purified),  rhubarb, 
a,  stramonium,  sumbul,  and  taraxacum. 
H  Extracts :  Eigot  and  malt. 

SPECIAL  REMARKS, 

Ltractom  AIom  ;  Extract  of  Aloes.— Since  the  official  title 
ncludes  the  inspissated  juice  derived  from  different  species  of 
lant,  tlie  extract  may  be  made  from  any  of  the  commercial 
tes.  It  is  probable  that  the  so-called  Barbadoes  or  Curasao 
is  chiefly  employed.  The  large  proportiou  of  water  ordered 
!  Pharmacopceia  is  for  the  purpose  of  avoiding  the  admixture 
in ;  a  concentrated  aqueous  solution  of  aloes  retains  in  solution 
sin  present,  whereas  a  dilute  solutiiin  deposits  it  on  cooling, 
xtract  does  not  yield  a  perfectly  clear  solution  with  water,  as 
ete  separation  of  resinous  matter  is  impossible.     The  extract, 

properly  made,  is  brittle  and  easily  converted  into  a  yellow- 
L  powder. 

:tractimi  Belladonnae  Foliomm;  Extract  of  Belladonna 
JB, — The  official  title  of  this  extract  is  rarely  used  by  physi- 

the  more  familiar  term  Exlractwn  Belladonna  being  employed 
script ion-wri ting.  In  Great  Britain  the  name  Extractum  Bel- 
■UE  Alcoholicum  is  applied  to  an  alcoholic  extract  of  belladonna 
t  preparation  differing  from  our  extract,  both  in  appearance 
rength,  having  a  brown  color  and  containing  only  atx>ut  two- 
as  much  alftaloid.  Extradum  BeUadonncE  Viride  of  the 
li  Pharmacopieia,  formerly  known  as  Extractum  Belladonnae, 
inspissated  juice  of  fresh  belladonna  herb. 
le   U.   8.  Pharmacopceia   directs   that   extract  of  belladonna 

shall  contain  1.4  per  cent,  of  total  alkaloids,  to  be  determined 
ration  with  volumetric  acid  solution,  and  if  found  to  contain  a 

proportion,  it  must  be  brought  to  the  official  standard  by  the 
on  of  a  sufficient  quantity  of  powdered  sugar  of  milk,  which 
1  be  thoroughly  incorporated. 

le  necessary  quantity  of  diluent  may  be  found  by  calculation 
Iowa:  Suppose  the  extract  is  found  to  contain  1.56  percent. 
aloids,  then  each  Gm.  contains  0.0156  Gm.  (instead  of  0,014 
the  prescribed  standard),  and  will  require  the  addition  of  0.114 
)f  sugar  of  milk,  for  0.014:0.01.56:;!  :x  (x=1.114),  rfhere  x 
lents  the  quantity  of  official  extract  that  corresponds  to,  or  can 
ade  from,  1  Gm.  of  the  aasayed  extract;  then  1.114  —  1^ 
This  method  of  calculation  can  also  be  applied  to  other  offi* 
;andardized  pilular  extracts. 
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Extraetom  Cannabis  Indicte ;  Extract  of  Indian  Canual 
— Owing  to  the  variable  character  of  commercial  Indian  hemp,  i 
extract  is  at  times  of  uneatiBfactory  quality,  and  in  the  absence 
constituents  which  admit  of  chemical  assay,  physiological  tests  noi 
seem  to  be  desirable  to  determine  the  true  value  of  the  preparati' 
The  extract  is  rich  in  reain,  has  a  blackish-^reen  color,  and  a  pe 
liar,  rather  unpleasant  heavy  odor.  It  is  soluble  in  alcohol,  etii 
chloroform,  oil  of  turpentine,  and  fixed  oils.  Its  alcoholic  soliil 
is  precipitated  by  solution  of  potassium  or  sodium  hydroxide, 
resin  being  insoluble  in  alkalies. 

While  chiefly  administered  ui  pill-form,  extract  of  Indian  c 
nabis  is  sometimes  prescribed  in  mixtures  and  can  then  be  best  k 
in  suspension  by  dissolving  it  in  a  small  quantity  of  expressed 
of  almond  and  emulsifying  the  solution  with  the  aid  of  acacia, 

Extractnm  GimiciAigse ;  Extract  of  Oimicifn^.— Since 
residue  obtained  by  evaporation  of  fluidextract  of  ciniicifuga  cons 
wholly  of  resinous  matter,  it  is  admirably  adapted  to  the  pulverul 
form,  which  is  easily  maintained  by  the  addition  of  finely-powde 
licorice  root.  The  Pharmacopceia  directs  that  25  Gm.  of  powde 
extract  sliall  be  made  from  lOO  Cc.  of  the  fluidextract,  and  thii 
represents  4  times  its  weight  of  the  crude  drug. 

Extractnm  Colctaici  Corini ;  Extract  of  Colchicom  Coito 
Although  the  official  title  of  this  extract  has  been  changed,  the  ni 
extract  of  colchicum  root  will  no  doubt  continue  iu  use  among  p 
sicians  and  others.  The  British  extract  of  colchicum  is  the  ins 
sated  juice  of  the  corm  freed  from  feculent  matter.  The  Pbar 
copceia  requires  that  the  official  extract  of  colchicum  corm  si 
contain  1.4  per  cent,  of  colchicine,  to  be  determined  gravimetrica 
If  the  extract  be  found  by  assay  to  contain  more  than  this  pro( 
tion  of  alkaloid,  sufficient  powdered  sugar  of  milk  should  be  in< 
porated  to  reduce  it  to  the  official  standard. 

Extractnm  Colocynthidia ;  Extract  of  Colocynth. — In  oi 
to  avoid  the  fixed  oil  which  is  present  in  the  seeds,  the  Fhamii 
pteia  directs  that  only  the  pulp  of  the  colocynth  shall  be  U!i 
maceration  and  expression  are  preferred  to  percolation,  on  accc 
of  the  spongy  character  of  the  material.  The  yield  of  extract  va 
from  40  to  50  per  cent,  if  made  from  good  pulp ;  if  calculated 
the  well-dried  whole  fruit,  it  ranges  from  14  to  20  per  cent  M 
manufacturers  allow  the  seeds  to  remain  in  the  fruit,  being  car 
not  to  have  them  crushed  during  the  grinding.  The  presence 
fixed  oil  in  the  extract  would  prevent  evaporation  to  dryness 
subsequent  reduction  to  powder. 

Extractnm  Golocynthidis  Gompositnm ;  Componnd  Extt 
of  Colocynth. — Since  a  perfectly  homogeneous  preparation  car 
be  obtained  by  simply  mixing  the  ingredients  in  fine  powder, 
Pharmaoipceia  very  properly  directs  that  an  Intimate  mixture  s 
be  effected  with  the  aid  of  neat  and  alcohol ;  when  the  alcohol 
been  evaporated  and  the  mass  becomes  brittle,  the  powdered  cai 


is  iDcornorated  and  the  vessel  covered  until  cold,  so  as  to  avoid 
volatile  oil.  The  dry  compound  extract  is  fiually  reduced  to 
■,  It  contains  half  its  weight  of  purified  aloes,  16  per  cent, 
extract  of  colocynth,  14  per  cent,  each  of  soap  and  resin  of 
lony,  and  6  per  cent,  of  cardamom. 

:tractam  Ergotie  ;  Extract  of  Er^fot. — The  official  process 
preparation  of  this  extract  is  practically  identical  with  that 
British  and  Swiss  Pharmacop<Bias.  The  extract  represents  8 
its  weight  of  crude  et^t  and  is  of  the  consistence  of  thick 
Having  been  freed  from  inert  matter  and  being  perfectly 
B  in  water,  it  is  admirably  adapted  for  hypodermatic  use.  The 
ce  of  10  per  cent,  of  glycerin  prevents  tne  extract  from  dry- 
t  and  thus  preserves  the  relatiou  between  the  extract  and  the 
drug. 

tractnm  Eaonymi ;  Extract  of  Enonymtu,  also  known  as 
iCt  of  Wahoo. — Fluidextract  of  euonymus  upon  evaporation 
a  residue  rich  in  resin  which  is  readily  powdered,  and  must 
e  mixed  with  sufficient  finely  powdered  licorice  root  to  bring 
ished  product  up  to  the  ofGcial  standard,  which  demands  that 
tract  shall  represent  4  times  its  weight  of  the  crude  drug, 
tractnm  Oentiame ;  Extract  of  OentiaD. — All  of  the  valu- 
litter  principles  of  gentian  are  soluble  in  cold  water,  while 
inert  matter  is  avoided  by  the  use  of  Uiis  menstruum  ;  when 
ater  is  employed,  the  yield  of  extract  is  vastly  increased  on 
it  of  the  large  quantity  of  pectin  compounds  taken  up.  The 
of  boiling  the  cold-water  percolate,  as  directed  in  the  U.  S. 
lacopceia,  is  to  coagulate  the  albuminous  matter,  after  removal 
lich  the  extract  obtained  forms  an  almost  clear  solution 
rater.  To  judge  from  the  tough  condition  and  imperfect  solu- 
of  many  commercial  extracts  of  gentian,  manufacturers  must 
ntly  resort  to  heat  in  the  exhaustion  of  the  drug.  With  cold 
gentian  yields  about  30  per  cent,  of  extract,  which  can  be 
sed  to  50  or  60  per  cent,  with  hot  water ;  the  United  States, 
in,  French,  and  Swiss  Pharmacopceias,  all  direct  cold  water ;  but 
'itish  Pharmacopceia,  strange  to  say,  recommends  infusion  for 
>urs  and  then  boiling  for  fifteen  minute.s,  followed  by  expression, 
tracttun  Glycyrrhus  Punmi ;  Pore  Extract  of  Qlycyr- 
— Commercial  extract  of  licorice  is  prepared  in  a  crude  way 
•oiling  water,  the  decoction  being  evaporated  and  then  mixed 
wwdercd  licorice  root,  starch,  and  other  substances  to  give  it 
cessary  firm  consistence.  It  occurs  both  in  the  form  of  mass 
ilia  or  sticks,  and  al*)  in  powder,  but  is  not  suited  for  liquid 
-ations  on  account  of  the  lai^  amount  of  insoluble  matter 
t ;  hence  the  Pharmacopceia  directs  the  preparation  of  a  com- 
'  soluble  extract,  officiallv  designated  as  pure  extract  of  glycyr- 
The  addition  of  ammonia  wat«r  to  the  menstruum  is  intended 
M>lve  any  glycyrrhizin  which  may  be  present  in  the  powdered 
n  an  insolubile'condition. 
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Eztractnm  Hsematozyli ;  Kztraot  of  Hematozylon,  e 
mown  as  Extract  of  Logwood. — The  medicinal  value  of  lo^i 
ies  in  its  astringent  principle,  which  cannot  be  entirely  exttac 
vith  cold  water ;  hence  boiling  is  officially  directed.  It  la  import 
:hat  all  contact  with  metal  be  avoided  on  account  of  the  tani 
The  extract  should  yield  a  clear,  purplish-red  solution  with  va 
E^xtract  of  hematoxylon  is  well  adapted  for  the  dry  condition,  tu 
is  Dou -hygroscopic ;  its  taste  is  sweetish  and  aflerward  astringi 
The  commercial  extracts  of  logwood  sold  in  boxes  are  not  suiU 
For  medicinal  purposea,  being  only  partly  soluble  in  cold  wat«r. 

Extractum  Hyoscyami ;  Extract  of  Hyoacyamiu. — As  h 
aane  is  very  variable  in  its  alkaloidal  content,  and  at  times  of  p 

Joality,  a  carefully  standardized  6uidextract  only  should  be  use< 
le  preparation  of  the  extract,  especially  as  the  average  yield 
[)ilular  extract  is  equal  to  about  24  per  cent.  The  Pharmaoop 
requires  that  extract  of  hyoscyamus  shall  contain  0.3  per  cent. 
tobil  alkaloids,  to  be  determined  by  titration  with  volumetric  i 
solution.  If  the  extract  should  be  found  to  contain  a  larger  ] 
Mintage  of  alkaloids,  sufBcient  powdered  sugar  of  milk  must 
incorporated  to  reduce  it  to  the  official  standard.  For  metliod 
finding  the  necessary  amount  of  diluent,  see  Extract  of  Bellado 
Leaves.  The  extracts  of  hyoscyamus  of  the  British  and  Gen 
Phamiacopceias  are  the  inspissated  juice  of  fresh  flowering  h 
The  first-named  is  rect^ized  under  the  official  title  Extrac 
Hyoscyami  Viride.  Cubical  crystals  sometimes  found  in  Bri 
extracts  of  belladonna  and  hyoscyamus  have  upon  examina 
proved  to  he  potassium  chloride. 

Eztractom  Kramerise  ;  Exbuct  of  Erameria,  also  knowi 
Extract  of  Rhatany, — Cold  water  is  an  excellent  solvent  for 
particular  tannin  present  in  rliatany,  upon  which  the  astringenci 
the  drug  depends;  hot  water  will  yield  a  larger  percentage 
axtract,  but  this  will  not  form  a  complete  solution  with  water,  w 
the  cold  water  extract  is  soluble,  and  with  the  addition  of  si 
Forms  a  perfectly  clear  liquor.  A  very  weak  alcoholic  menstn 
is  said  also  to  furnish  an  increased  yield  of  extract,  but  with  ref 
jimilar  to  those  produced  by  hot  water.  Decided  astringenc^  ai 
oerfectly  clear  solution  with  warm  water  and  sugar  are  indicat 
jf  a  well-prepared  extract. 

Extractum  LeptandrsB;  Extract  of  Leptandra.— Atthc 
l;he  yield  of  dry  extract  obtained  by  evaporation  of  the  fluidexl 
)f  leptandra  rarely  exceeds  12  or  121  per  cent.,  thus  leaving  a  1 
:]uantity  of  diluent  available  for  establishing  the  official  standan 
jtrength,  1  Gm.  ()f  the  powdered  extract  to  represent  4  Gm.  of 
inide  drug,  licorice  root  alone  has  been  found  satisfactory  for  ir 
iaining  the  pulverulent  condition  of  the  official  extract.  The  fini; 
product  should  be  kept  in  tightly  stoppered  bottles,  in  a  cool, 
place,  to  avoid  caking  of  the  powder. 

Bxtractitm  Malti ;  Extract  of  Malt. — Since  diastase,  the  c 
jctive  constituent  of  malt,  is  destroyed  by  a  temperature  appro 
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,t  of  boiling  water,  it  is  essential  that  the  temperature  pre* 

in  the  official  process  of  manufacture  be  not  exceeded, 
ration  of  the  infusion  at  a  low  temperature  in  a  vacuum  appa- 
1  always  to  be  preferred,  the  average  yield  beiug  about  60-65 
Qt.  of  extract.  Extract  of  malt  is  a  brown-yellow  thick 
)r  semifluid  mass,  having  a  slight  peculiar  odor,  a  sweet  taste, 
acid  reaction  toward  litmus  paper. 

!  diastasic  value  of  extract  of  malt  is  determined  by  its  power 
>'erting  starch  into  dextrose,  and  the  following  method  may 
iloyed  for  comparative  testing  of  different  malt  extracts,  tliat 
capable  of  converting  the  lat^^t  amount  of  starch  within  a 
ime,  under  like  conditions,  being  considered  the  best:  Dis- 
Gm.  of  extract  of  malt  in  sufficient  distilled  water  to  yield 
.  of  solution ;  of  this,  add  5  Cc,  representing  0.25  Gm.  of 
ract,  to  250  Cc.  of  cold  st&rch  mucilage  (prepared  by  dis- 

30  Gm.  of  Bermuda  arrowroot  in  1000  Cc.  of  boiling  dis- 
'ater)  and  keep  the  mixture  at  a  temperature  of  66°  to  bO"  C 
140°  F.)  for  30  minutes :  then  stop  the  diastasie  action  by 
the  temperature  to  100°  C.  (212°  F.)  or  by  addition  of  2  or 
f  a  10  per  cent,  sodium  hydroxide  solution,  aod  dilute  the 
;  to  a  given  volume  by  addition  of  water.  Titrate  an  aliquot 
the  liquid  with  Fehling's  Solution  (alkaline  cupric  tartrate 
trie  solution,  U.  S.  P.)  and  ascertain  the  amount  of  dextrose 
,  from  which  deduct  the  amount  found  in  a  corresponding 

of  the  extract  of  malt  by  previous  titration  with  Fehling's 
J  ;  the  difference  indicates  tne  amount  of  sugar  produced  by 
itase  present  in  the  extract.  Each  Cc.  of  Fehling's  Solution 
inds  to  0.005  Gm.  of  anhydrous  dextrose,  or  0.0045  Gm.  of 
!on verted  thereinto. 

ractnm  Nncis  Vomicse ;  Extract  of  Nnx  Tomica. — The 
>f  exhausting  the  drug  with  10  per  cent,  acetic  acid  is  to 
straetiou  of  the  fixed  oil  present  in  the  seed,  the  subsequent 
1  of  which  before  the  extract  can  be  powdered,  is  a  tedious 
>n.  A  coarse  powder  is  preferable  in  order  to  avoid  impac- 
the  mass,  since  under  the  influence  of  the  watery  menstruum 
vder  rapidly  swells.  Unfortunately  the  acetous  menstruum 
:racts  considerable  inert  matter,  which  by  increasing  the  yield 
extract  may  render  the  standanlization  of  the  powder  impo*- 
:  at  least  difficult,  because  the  larger  the  yield  of  extract,  the 

must  be  the  percentage  of  alkaloids  in  the  same.  In  the 
1  experience  from  35  to  40  per  cent,  of  dry  extract  has  been 
i  hy  exhausting  nux  vomica  with  the  official  menstruum ;  and 
ig  the  average  strychnine  content  of  prime  nux  vomica  to  be 
cent.,  such  an  extract  would  contain  from  3,76  to  4.22  per 

strychnine  and  allow  no  addition  of  diluent  to  preserve  the 
dent  condition,  being  already  below  the  prescribed  standard, 
larmacopceia  therefore  very  properly  directs  that  the  concen- 
liquid  shall  be  diluted  with  3^  times  its  volume  of  alcohol, 
y  the  inert  matter  extracted  by  the  acid  menstruum  is  pre- 
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cipitated,  the  hydro-alcoholic  liquid  retaiomg  the  alkaloids  prei 
in  solution  as  acetates.  After  washing  the  precipitate  thoroughly  > 
a  mixture  of  alcohol  and  water,  as  prescnbed,  the  solution  is  eii 
rated  to  dryness  and  a  small  quantity  of  the  powdered  extrac 
assayed ;  from  the  results  obtained  the  quantity  of  sugar  of  c 
is  calculated  necessary  to  add  to  the  remainder  of  the  powdei 
that  the  finished  product  shall  contain  the  prescribed  amount 
strychnine,  namely  6  per  cent. 

Thus,  if  2  Gm,  of  the  powdered  extract  should  be  found  to  ■ 
tain  0.130  Qm.  of  strychnine,  or  6.5  per  cent.,  then  each  Gm 
the  remaining  powder  requires  the  addition  of  0.300  Gm.  of  si 
of  milk  to  reduce  the  strength  to  that  of  the  official  standard ' 
per  cent^,  for  0.05  :  0.065  : 1  :  x  (x^  1.300),  where  x  represents 
weight  of  oiEcial  extract  corresponding  to  1  Gm.  of  the  est 
assayed.     Then  1.300—1=0.300  in  grammes. 

Powdered  extract  of  nux  vomica  is  very  susceptible  to  mois 
and  heat,  and  readily  cakes  unless  preserved  iu  tightly  stopp 
bottles  in  a  cool,  dry  place.  The  present  extract  is  weaker  than 
formerly  official,  which  latter  contained  15  per  cent,  of  total  a 
loida  and  since  the  proportion  of  strychnine  present  in  the  ' 
alkaloids  varies  from  45  to  55  per  cent.,  this  would  corres[>oiii 
from  6.75  to  8.25  per  cent,  of  strychnine,  as  compared  with 
present  official  standard  of  5  per  cent.  The  British  extract  of 
vomica  is  of  pilular  consistence,  but  of  the  same  strychnine  cvr 
as  our  own. 

Eztractnm  Opii ;  Extract  of  Opium. — Opium  is  easily 
hausted  with  cold  water,  but  instead  of  triturating  the  mixtur 
opium  and  water  occasionally  during  twelve  hours,  it  is  bett€ 
rub  the  opium  into  a  smooth  paste  with  water  in  a  mortar,  i 
this  carefnlly  into  a  flask  or  bottle,  add  the  remainder  of  the  w 
cork  the  flask  or  bottle,  and  shake  vigorously  every  hour  or  i 
agitation  is  more  easily  accomplished  and  is  more  beneficial  to 
extraction  of  the  soluble  principles.  The  magma  on  the  filter  sh 
be  slowly  percolated  with  water  until  the  liquid  is  nearly  colo 
and  only  faintly  bitter.  After  concentration  of  the  percolat 
about  twice  the  weight  of  opium  used,  the  moisture  and  raori) 
present  are  determined,  in  order  to  ascertain  the  amount  of  s 
of  milk  which  must  be  added  to  the  eynipy  extract,  so  tliat,  i 
complete  drying,  it  shall  yield  a  powder  containing  20  per  cen 
crystallized  morphine. 

Suppose  the  thick  synipy  liquid  is  found  to  contain  72  per 
of  moisture  and  to  yield  7  per  cent,  of  crystallized  morphine  : 
each  Gm.  of  the  liquid  will  require  the  adtUtion  of  0.07 
sugar  of  milk,  so  that  when  evaporate<l  to  dryness  and  powJ 
the  extract  shall  contain  the  prescribed  quantity,  20  per  cent 
morphine,  as  shown  by  the  following  calculation  :  As  the  sy 
liquid  contains  72  per  cent,  of  moisture,  100  Gm.  will  yield  100— 
or  28,  Gin.  of  dry  extract,  and  the  original  morphine  content 
per  cent,  (or  7  Gm.  in  100  Gm.)  will  be  increased  to  26  per  oen 
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y  extract,  because  no  morphine  is  lost,  and  7  Gm.  is  25  per 
f  28  Gm.  Now,  according  to  the  rule  for  adjustment  of  per- 
ea,  given  on  page  73,  multiply  the  given  quantity  by  the  given 
tage  and  divide  by  the  required  percentage,  or  28X25=^  700, 
0^  20  =  35 :  hence  the  28  Gra.  of  dry  extract,  representing  100 
r  the  syrupy  liquid,  will  yield  35  Gm.  of  powdered  extract 
official  standani,  yielding  20  per  cent,  of  ciystallized  mor- 
The  difference,  then,  between  28  Gm.  and  35  Gm.  (or  7  Gm.) 
}uantity  of  augar  of  milk  required  for  100  Gm.  of  the  syrupy 
or  0.07  Gm.  for  1  Gra. 

of:  1  Gm.  of  the  syrupy  liquid  yielding  0,07  Gm.  of  crys- 
l  morphine,  when  mixed  with  0.7  Gm.  of  sugar  of  milk,  upon 
ation  to  dryness  will  yield  0.36  Gra.  of  dry  extract  sttU  con- 
'  the  original  quantity  of  morphine  (0.07),  and  0.07  Gm,  is 
cent,  or  h  of  0.35  Gm.,  for  0.07  divided  by  0.35  =  0.20. 
tractom  FhysoBtigiuatiB ;  Extract  of  Physostie:ma>  ^1»> 
as  Extract  of  Calabar  Bean. — Like  all  seeds,  physostigma 
IS  considerable  fat,  which  is  extracted  by  the  alcoholic  men- 
,  and  hence  it  is  not  possible  to  produce  a  perfect  pilular  or 
•ed  extract  without  the  addition  of  some  diluent.  While 
>f  milk,  if  added,  produces  a  good  pilular  mass,  as  directed  in 
itish  Pharmacopoeia,  powdered  licorice  root  is  a  better  absorb- 
i  yields  quite  a  fair  powdered  extract.  The  Pharraacop<eia 
s  that  the  finished  extract  shall  contain  2  per  cent,  of  ether- 
alkaloids,  and  if  the  extract  is  found  to  eoutain  a  lai^er  pro- 
of the  alkaloids,  sufficient  finely  powdered  licorice  root 
B  added  to  reduce  the  strength  to  the  ofRcial  standard.  The 
ry  quantity  of  licorice  n>ot  to  be  added  to  each  Gra.  of  the 
tract  may  be  found  bv  the  same  method  of  calculation  as 
inder  Extract  of  Nux  Vomica. 

Tactnm  QoaflslEe;  Extract  of  Quassia.— Owing  to  the 
3y  of  this  extract,  if  in  pilular  condition,  to  become  tough  in 
rse  of  time,  it  seems  preferable  to  have  it  in  the  powder  form ; 
ce  the  yield  of  extract  obtained  by  exhausting  quassia  with 
ater  is  small,  rarely  above  4  per  cent.,  the  Pharmacopeia 
dilution  with  sufficient  sugar  of  milk  so  that  the  finished 
t  shall  represent  10  times  its  weight  of  the  crude  drug.  In 
idition  the  extract  is  well  adapted  for  all  purposes,  is  perfectly 
ill  water,  and  keeps  well. 

oractom  Rhainm  Pnrshianss ;  Extract  of  Cascara 
la. — Although  cold  water  is  capable  of  extracting  all  the 
lal  virtues  of  cascara  sagrada  t^rk,  a  weak  alcoholic  (about 
cent.)  menstruum  is  preferred,  so  as  to  avoid  fermentative 
i  during  the  prolonged  maceration  and  percolation,  especially 
n  weather.  The  yield  of  dry  extract  varies  fnjm  20  to  22 
t.,  and  after  admixture  with  sufficient  powdered  licorice  root, 
the  finished  product  shall  represent  4  times  its  weight  of  the 
Inig,  the  powdered  extract  keeps  well. 
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Extractnm  Rhei ;  Extract  of  Ehnbarb.— Wbeo  the  ol 
fluidextract  of  rhubarb  is  evaporated  to  dryness  it  yields  from  '■ 
42  per  cent,  of  residue,  which  can  easily  be  reduced  to  powder 
keeps  admirably  if  mixed  with  sufficient  powdered  licorice  w 
represent  twice  its  weight  of  the  crude  drug.  Such  a  pom 
extract  corresponds  very  nearly  to  the  yield  of  pilulsr  ei 
obtainable  from  the  fluidextract  directed  by  the  Pharmacopceii 
is  preferable  to  the  latter  for  dispensing  purposes,  BiDce  the  pi 
extract  is  apt  to  become  tough  and  dry  with  age  unless  Bome 
erin  be  incorporated  with  it. 

Extractnm  ScopolBe;  Extract  of  Scopola.— This  ei 
which  is  practically  identical  in  composition  and  medicinal  e 
with  an  extract  made  from  belladonna  nx>t,  is  officially  re«¥ 
for  the  purpose  of  permitting  its  use  in  plasters.  The  yiel 
extract  in  pilular  form  is  about  16  to  20  per  cent,  and  the  Pht 
co^poeia- requires  that  it  shall  contain  2  percent,  of  mvdriatic 
loids,  to  be  determined  by  titration  with  volumetric  acid  solutioi 
the  extract  be  found  to  be  above  the  prescribed  strength,  suft 
powdered  sugar  of  milk  must  be  added  to  reduce  it  to  the  o 
standard.  The  necessary  quantity  of  sugar  of  milk  can  be  1 
by  calculation,  aa  explained  under  Extract  of  Belladonna  Lcav 

Extractnm  Stramonii;  Extract  of  Stramonitim. — Si  or 
leaves  are  the  only  part  of  the  stramonium  plant  officially  i 
nized,  the  present  extract  is  rich  in  green  coloring-matter. 
])repared  like  extract  of  hyoscyamus,  but  is  required  to  contai 
per  cent,  of  alkaloids,  to  be  determined  by  titration  with  volui 
acid  solution.  If  found  to  be  above  the  prescribed  strenE 
must  be  mixed  with  sufficient  powdered  sugar  of  milk  to  red 
to  the  official  standard.  The  average  yield  of  extract  of  stramc 
leaves  is  about  20  per  cent.  On  account  of  the  large  proporti 
resinous  matter  in  the  leaves  it  is  essential  that  the  fluidextrs 
constantly  stirred  during  evaporation,  especially  toward  the  ei 
the  operation,  otherwise  a  granular  product  may  result  froB 
separation  of  resin  as  the  alcoholic  strength  of  the  liquid  chanf 

Extractnm  Snmbnl ;  Extract  of  Snmbul. — It  is  impossi 
obtain  a  perfect  pilular  extract,  in  the  case  of  sumbul,  on  accou 
the  peculiar  nature  of  the  resin  and  oil  present  in  the  root, 
yield  of  extract  is  about  15r)er  cent. 

Extractnm  Taraxaci ;  Extract  of  Taraxacum,  also  kno 
Extract  of  Dandelion. — Although  this  extract  was  formerly  dii 
to  l>e  preparetl  by  expression  and  evaporation  of  the  juice  of  th 
freshly  gathered,  it  is  doubtful  whether  this  plan  was  followed  t 
great  extent,  and,  moreover,  no  provision  was  made  for  the  rei 
of  the  starchy  and  albuminous  constituents  of  the  juice.  The  ex 
tion  of  the  ground  taraxacum  with  a  weak  alcoholic  (about  1 
cent.)  menstruum  insures  a  complete  extraction  of  the  medicina 
tues,  without  much  inert  matter,  the  resulting  extract  yielding  a  i 
clear  solution  with  wat<>r.  Absence  of  a  hitter  ta.ste  in  the  la? 
tions  of  the  percolate  indicates  complete  exhaustion  of  the  druj 
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OLEORESINS  AND  RESINS. 

OLEOSESmS. 

jUTIONS  of  thia  cla?a  represent  the  medicinal  virtues  of  the 
from  which  they  are  maae,  in  a  more  concentrated  form  than 
ible  in  any  other.  They  possess  the  power  of  self-preserva- 
ind  in  this  respect  are  superior  to  fluidextracts.  Oleoresins 
.  chiefly  of  tixed  or  volatile  oils  associated  with  resin  and 
constituents ;  those  officially  recocnized,  with  one  exception, 
prepared  by  the  same  process,  wnich  consists  in  slowly  per- 
g  the  drug  iu  fine  powder,  with  acetone,  to  exhaustion,  recov- 
he  greater  part  of  the  acetone  by  distillation,  and  finally  remov-  ■ 
i  remaining  acetone  by  spontaneous  evaporation.  The  percola- 
'  drugs  With  acetone  requires  the  use  of  special  apparatus  (see 
34)  to  prevent  loss  of  the  volatile  solvent,  and  several  attempts 
■een  made  to  economize  menstruum  by  repeate<lly  using  the 
iquid  until  the  material  is  exhausted,  the  best  device  for  this 
«  oeing  the  ether  extraction  apparatus  designed  by  Prof.  Fliick- 
lustrated  in  Fig.  215.  The  extractor  A  passes  by  means  of 
>e  /)  througji  a  cork  into  the  receiving  flask  E;    at  C  is  a 

1  or  disk,  upon  which  the  material  to  be  extracted  is  packed, 
lich  communicates  by  means  of  a  small  funnel-shaped  tube 
).  The  lateral  tube  BF  passes  into  the  tube  G,  which  is  pro- 
with  a  properly  cut  cork,  K,  so  that  the  acetone  vapor  may  pass 
lie  receiving  bottle  to  a  spiral  condenser,  H,  fitted  by  means  of 
to  the  top  of  the  extractor;  the  acetone  vajwr  can  also  be 
[>  pass  upward  through  the  powder  by  pushing  the  ci>rk  deeper 
le  tube  G,  thus  closing  the  orifice  of  the  lateral   tube  BF. 

2  pledget  of  cotton  is  placed  in  tlie  funnel  tube  at  C,  or  a 
f  filter  paper  is  placed  over  the  small  opening  to  prevent  the 
il  from  passing  down.  The  whole  apparatus  may  be  made  of 
avenient  size,  of  glass  or  tinned  copper,  and  when  in  use  the 
ag  flask  is  plac^  in  warm  water,  for  the  purpose  of  vapor- 
ae  acetone,  which  is  condensed  above  the  extractor  and  drops 
pon  the  powder,  the  process  being  continued  until  the  mate- 
exhausted.     Another  desirable  feature  of  this  apparatus  is 

9Very  of  the  acetone  from  the  marc  when  the  extraction  of 
ig  has  been  completed.  The  lateral  commnnication  between 
£F  is  closed  by  meaus  of  the  cork,  and,  applying  a  cold 
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■wet  spoDg«  to  the  receiving  flask,  the  acetone  vapor  thereiD  is  ( 
denged  and  &  partial  vacnfttii  proda 
Fig.  215.  which   withdraws  all  the  ether  from 

marc  in  the  percolator  above. 

Experience  haa  shown  that  when  2 
of  percolate  have  been  obtained  for  i 
Gm.  of  drug  used,  the  latter  will  be  j 
tically  exhausted,  therefore  percolation 
yond  this  point  is  imnecessarj' ;  with 
continuous  extraction  apparatuij,  half 
quantity  of  acetone  can  be  made  to  ac 
plish  the  same  results. 

Some  care  is  necessary  in  the  m» 
of  a<«tone  by  distillation,  as  official  am 
which  is  directed  to  be  used  in  the  pro 
boils  at  56.5°  C.  (133.7°F.) ;  the  re«)\ 
acetone  should  be  but  very  slightly  imj 
Bated  with  the  odor  of  volatile  oil,  ami 
be  used  for  a  subsequent  operation.  < 
resins  are  not  used  to  any  great  exte 
present,  and  are  rarely  made  by  the  i 
macist  himself;   small  quantities  fori 

Prescriptions  may  be  conveniently  oht 
y  percolating  some  of  the  finely  poW( 
drug  in  the  barrel  of  a  glass  syringt 
allowing  the  acetone  to  evaporate  in  a ' 
place.  Tlie  yield  of  oleoresins  ranges 
6  to  60  per  cent,  for  different  drugs 
their  consistence  varies  from  liquid  to 
solid,  dependent  upon  the  amount  of 
present. 

The  use  of  acetone  in  the  manuft 
of  oleoresins  was  first  su^ested  by  Bei 
in  1892,  and  has  been  found  very  sal 
t«ry.  It  can  now  be  obtained  of  great  p 
99.5  per  cent.,  at  a  moderate  price,  ai 
chief  advantage  over  ether,  the  mensi 
formerly  employed,  lies  in  its  higher  Ix 
point  and  consequent  lesser  volatility, 
resins  prepared  with  acetone  have 
found  entirely  soluble  in  ether  and  c 
appear  to  differ  in  any  way  from  those 
with  ether.  Drugs  exhausted  wth  ac 
when  subsequently  percolated  with 
have  been  found  to  yield  nothing  of 

FlUcklgere  elher-eitrecUon        tO  the  latter  solvent. 

apparatus.  ^j^^   pharmacopceia   recognices   o 

resins  prepared  with  acetone  and  1  with  alcohol,  and  in  every 
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le  exception,  the  drug  is  packed  dnnly  into  the  percolator, 
IS  moistening  being  unnecessary.  On  account  of  the  lar^ 
tion  of  resin  in  liipulin  this  drog  must  be  packed  lightly, 
ise  the  mass  will  become  impacted.  The  following  is  an  ^pha- 
list  of  the  official  oleoresins,  showing  the  fineness  of  powder 
id  the  average  yield : 

Liar  o?  Official  OLXOBESiin. 


IqNuds. 

Engllib  Name. 

Flneneaior 
Powder. 

*?f^ 

3aA»pidii  .   . 

aCulebffi'    ! 

aLnpulini  . 
.PilierU.    . 
»  Zingiberie 

.  Oleoresin  of  Aapidium  .   . 
.  Oleoreein  of  Capncum  .   . 
.  0!eo««in  of  Cuteb    .   .    . 
.  Oleoresin  of  Lupulin     .    . 
.  Oleorain  of  Pepper  .    .    . 
.  Oleorewn  of  Ginger  .  .   . 

Special  Renuu-ks. 

-No.  60 
,    "    80 
.    "    30 

'.    "   60 
.    "   60 

15  per  cent 

22    "      " 
60    "      " 
6.6"      « 
6.   "      « 

oresm  of  Aapldinm,  also  known  as  Oleoresin  of  Hale 
-rThis  preparation  is  known  also  by  the  names  oleoresina  jUicu, 
im  jUicU  cethereum,  and  oUum  fili(ns  inarU.  As  the  root  rap- 
!teriorat€s  upon  keeping,  only  that  having  a  fresh  green  color 
be  used.  The  oleoresin  of  male  fern  generally  deposits,  on 
g,  a  granular  crystalline  substance  lai^y  composed  of  filicio 
K>n  waich  depends  the  activity  of  the  preparation ;  hence  the 
:y  for  thoroughly  incorporating  the  deposit  before  dispensing 
oresin.  By  percolation  with  acetone  the  drug  has  yielded  as 
s  18  per  cent,  of  oleoresin.  This  preparation  is  recognized 
Britisn  Pharmacopoeia  as  Extractum  Filicis  Liquidum,  and 
German  Pharmacopoeia  as  Extractum  Filicis. 
jreaiii  of  Oapflicmn. — Owing  to  the  large  amount  of  fat 
in  capsicum  tt  is  not  desirable  to  carry  percolation  to  com- 
chaustion ;  experience,  iu  tact,  has  taught  that,  if  collected 
1 50  Cc.  of  percolate  will  have  practically  exhausted  100  Gm. 
Irug,  and  that  further  treatment  simply  loads  the  percolate 
:ty  matter.  Oleoresiu  of  capsicum  is  a  dark,  brownish-red 
ivhich,  shortly  after  being  made,  deposits  granular  fat;  this 
■etnoved  by  decanting  the  clear  liquid  and  straining  the  resi- 
washing  the  deposit  rapidly  with  a  little  acetone.  Although 
rage  yield  of  oleoresin  has  been  reported  as  not  over  5  or  6 
t.,  from  12  to  16  per  cent,  of  a  very  excellent  preparation 
f  frequently  been  obtained. 

>re8in  of  Oubeb. — Cubeb  yields  all  its  medicinal  virtues  to 
as  well  as  acetone ;  very  .satisfactory  oleoresin  has  been  made 
ohol  alone,  and  this  menstruum  is  now  used  by  many  manu- 
3.  In  Germany  the  oleoresin  is  officially  recogniz^  under 
e  £zlmctun  Cnbebarum,  and  is  prepared  with  a  mixture  of 
>lumes  of  ether  and  alcohol.     All  oleoresin  of  cubeb  deposits, 
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upon  standing,  waxy  matter  and  a  crystalline  body,  cnbebin,  whi 
as  the  Pharmacopceia  directs,  should  be  rejected,  only  the  liq 
portion  being  dispensed.  It  is  of  a  green  or  brownish-green  «i 
and  when  made  with  acetone  has  been  obtained  to  the  exteDtof 
per  cent, 

Oleoresln  of  Oinjfer. — When  made  from  uncoated  (Jama 
ginger  the  yield  of  oleoresin  is  less  than  from  coated  ginger,  am 
also  lighter  in  color,  thinner,  and  of  a  more  agreeable  flavor.  ' 
name  piperotd  has  sometimes  been  applied  to  this  preparat 
From  coated  ginger  as  much  as  10  per  cent,  of  oleoresin 
been  obtained,  while  from  Jamaica  ginger  the  yield  rarely  esct 
6  per  cent. 

Oleoresin  of  Lupnlin. — Lupnlin  is  very  rich  in  resin,  hen 
large  yield  of  oleoresin  is  to  l>e  expected ;  it  is  of  a  reddish-br' 
color  and  has  the  consistence  of  a  soft  solid  extraet.  ^\'hile  the  a 
age  yield  is  about  60  per  cent,  as  much  as  70  pet  cent,  has  been 
tained,  with  both  ether  and  acetone,  by  complete  exhaustion, 

Oleoresin  of  Pepper.— Commercially  this  preparation  is  kn 
also  as  0(7  of  black  pepper,  which  latter,  however,  is  usually  obia 
as  a  by-product  in  the  manufecture  of  plperin.  Oleoresin  of  pej 
when  first  made,  deixisits  piperin  in  crj'stalUne  form,  which  is  s 
rated  by  straining,  leaving  a  thick,  very  black  liquid.  The  ; 
with  ether  or  acetone  rarely  exceeds  6.5  per  cent, 

EESINS. 

Under  the  title  RemncE  the  Pharmacopceia  recognizes  4  pre] 
tions,  1  of  which,  however,  is  simply  a  residuary  product  obtaiui 
the  distillation  of  the  volatile  oil  from  a  natural  oleoresin.  Foi 
remaining  3  an  official  process  of  manufacture  is  given,  alcohol  1 
used  as  a  solvent  in  each  case ;  the  resin  is  obtained  by  pour 
concentrated  alcoholic  tincture  of  the  respective  drugs  into  cold ' 
and  subsequently  washing  the  precipitate  repeatedly  with  watei 

A1.PHABETICAL  Liar  OF  TBE  Official  Rebins, 

lAtiD  Nam«.  English  Nime.  Und?  of  obt^nii 

rRcraduelen  afterdUi 

Bedna Boain -j      of  tbe  volatile    lul 


of 


Re«ina  Jalap Resin  of  Jalap     ■    .    . 

Besina  Podophylli    .    .    .   .  Resin  of  Podophylliim 
Reaina  ScMnmonU    ....  R«8ln  of  Scammon/    . 


Turpentine. 


Bl«iholic  tincture  vi 
pbylium  into  cold 
ncidtilaled  wilh 
chloric  acid. 
Bj  pouring  a  rona 
alcoholic  tincture  0 
oiony  into  cold  <r>t 
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Special  Remarks. 


In  of  Jalap. — The  amount  of  resin  in  jalap  root  varies  con- 
ly,  ranging  from  6  to  18  per  cent.,  and  it  is  not  always  pus- 
find  commercial  jalap,  which  exceeds  the  official  requirement ' 
leas  than  7  per  cent,  of  resin,  although  prime  lots  yielding 
!  to  15  per  cent,  are  occasionally  met  with.  Eesin  of  jalap 
lie  in  alcohol  in  all  proportions,  the  solution  having  a  slight 
tction  to  litmus  paper ;  it  is  also  soluble  slowly  in  5  times  its 
of  10  per  cent,  ammonia  water,  but  is  insoUible  in  fixed  and 
oils.  The  Pharmacopteia  requires  that  not  more  than  16 
t.  of  the  resin  shall  be  soluble  in  etiier,  and  not  more  than  35 
t.  in  chloroTorm,  and  that  if  its  solution  in  ammonia  water  be 
i  with  hydrochloric  acid,  only  a  slight  turbidity  shall  appear, 
T  the  absence  of  rosin,  guaiac,  and  other  resins.  The  presence 
non  rosin  may  also  be  detected  by  solubility  in  oil  of  turpentine; 
gelatinization  upon  cooling  a  solution  made  by  dige.''ting  the 
ed  resin  in  10  part^  of  ammonia  water  at  80°  C.  (176°  F.). 
esin  of  jalap  has  a  slightly  acrid  but  not  bitter  taste,  an  adnl- 
I  with  aloes  may  be  suspected  if  a  pronounced  bitter  taste  is 
)d.  If  resin  of  jalap  ue  moistened  with  alcohol  and  then 
solution  of  ferric  chloride,  a  green  color  should  not  be  devol- 
or  should  a  blue  color  he  observed  if  the  inner  surface  of  a 
otato  paring  be  rubbed  with  the  resin,  otherwise  guaiac  is 
That  portion  of  jalap  resin  insoluble  in  ether,  when  dis- 
in  caustic  alkali  solution,  is  not  repreci  pita  ted  upon  addition 
cid;  this  property  distinguishes  jalap  resin  from  other  resins 
that  of  scammony,  and  from  the  latter  it  differs  in  its  insol- 
in  ether  and  oil  of  turpentine.  While  resin  of  scammony 
>ecome  accidentally  mixed  with  jalap  resin,  it  would  never  be 
13  an  adulterant,  since  it  is  far  more  expensive. 
:n  of  jalap  may  be  obtained  free  fnim  color  by  treatment  with 
charcoal ;  the  best  plan  is  to  mix  the  charcoal  with  the  pow- 
ilap  before  percolation,  and  also  to  ]kiss  the  percolate  through 
charcoal. 

in  of  Podophylllim. — The  object  of  adding  hydrochloric 
the  water  before  adding  the  alcoholic  solution  is  simply  to 
e  the  separation  of  the  resinous  matter.  The  yield  of  resin 
iphyllum  rarely  exceeds  4  or  5  per  cent.,  and  its  color  should 
1  grayish  white  to  vellowish  green,  provided  no  heat  higher 
1°  C.  (95°  F.)  is  userf  in  drying  it.  According  to  Prof.  Lloyd, 
19  had  large  experience  in  the  manufacture  of  this  resin,  the 
ration  of  the  alcoholic  tincture  should  not  be  carried  beyond 
thin  syrup,  the  water  into  which  it  is  poured  should  lie  ice- 
i<l  the' washed  resin  should  be  dried  irithoui  heat,  by  exposure 
1  a  cold  place.  Alum-water  is  sometimes  uswl  to  effect  pre- 
>D  of  the  resin,  bnt  it  yields  a  yellow  product  of  inferior 
,     The  Pharmacopceia  requires  that  not  less  than  99  per  cent. 
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of  resin  of  podophyllum  shall  be  soluble  in  alcohol,  not  less  than  75 
per  cent,  in  ether^  not  less  than  65  per  cent,  in  clilorofonr^  and  not 
more  than  25  per  cent,  in  boiling  water ;  also  that  upon  incineration 
it  shall  not  yield  more  than  0.7  per  cent,  of  ash.  The  solubility 
of  resin  of  podophyllum  in  ether  varies  from  50  to  85  per  cent., 
depending  upon  the  mode  of  its  preparation,  the  better  quality  being 
most  soluble  and  also  lighter  in  color ;  according  to  F.  B.  Power, 
boiling  water  will  dissolve  about  80  per  cent,  of  the  resin  if  the 
treatment  with  fresh  portions  of  the  water  be  continued  as  long  as 
anything  is  removed,  but  deposits  most  of  it  again  on  cooling.  Resin 
of  podophyllum  forms  a  yellow  liquid  with  solution  of  sodium  or 
potassium  hydroxide,  from  which  it  is  reprecipitated  by  acids. 

The  name  podophyllin  is  extensively  applied  in  commerce  to  the 
resin,  but  does  not  always  represent  the  ofiicial  article. 

Resin  of  Scammony. — The  Pharmacopoeia  directs  that  this  resin 
be  prepared  from  the  gum-resin  scammony,  and  not  from  the  root 
direct,  as  in  the  two  preceding  resins ;  hence  treatment  of  the 
powder  with  boiling  alcohol  is  directed  instead  of  percolation.  The 
yield  of  resin  of  scammony  depends  upon  the  quality  of  the  gum- 
resin,  and  may  vary  from  70  to  90  per  cent,  alcoliol  taking  up 
only  about  2  per  cent,  of  water-soluble  matter,  according  to  Prut. 
Markoe. 

Resin  of  scammony  is  wholly  soluble  in  ether  and  oil  of  turpen- 
tine, and  is  not  precipitated  by  acids  from  its  solution  in  caustic 
alkalies.  It  is  very  slowly  acted  upon  by  sulphuric  acid,  whereas 
common  rosin  is  immediately  turned  intensely  red ;  the  presence  of 
the  latter  can  thus  be  detected.  The  resin  oi  scammony  can  be  dis- 
tinguished from  the  gum-resin  by  not  yielding  a  green  emulsion 
when  triturated  with  water.  The  Pharmacopceia  requires  that  upon 
incineration  resin  of  scammony  shall  not  yield  more  than  1  per  cent, 
of  ash. 


CHAPTEK  XXV. 

COLLODIONS. 

Under  this  head  are  recognized  in  the  Pharmacopoeia  4  solutions, 
the  base  of  which  is  pyroxylin,  or  soluble  gun-cotton  (see  Cellulose, 
Part  III.),  and  the  solvent,  a  mixture  of  alcohol  and  ether.  Collo- 
dions are  employed  only  for  external  medication,  and  owing  to  the 
very  volatile  character  of  the  solvent  they  rapidly  form  a  skin-like 
covering,  or  pellicle,  when  applied,  which  is  impervious  to  water. 
Where  a  strong  contractile  coating  is  desired,  the  plain  collodion  is 
preferred,  otherwise  a  less  constringent  and  more  comfortable  cover- 
ing is  obtained  by  the  addition  of  castor  oil  and  Canada  turpen- 
tme,  as  in  the  case  of  the  official  flexible  collodion.  For  the  purpose 
of  medication,  any  substance  soluble  in  ether  may  be  added,  such  as 
iodine,  iodoform,  extract  of  Indian  cannabis,  salicylic  acid,  croton 
oil,  mercuric  chloride,  veratrine,  atropine,  resorcin,  pyrogallol,  etc. 
Since  pyroxylin  is  insoluble  in  water,  the  addition  of  the  latter  to 
collodion  would  cause  immediate  precipitation,  hence  all  substances 
soluble  only  in  water  or  alcohol  and  water,  such  as  extract  of  bella- 
donna, morphine  sulphate,  etc.,  are  excluded  from  admixture.  Col- 
lodions should  always  be  preserved  in  tightly  cork-stoppered  bottles, 
in  a  cool  place,  remote  from  fire,  on  account  of  the  etner  present ; 
care  should  also  be  taken  that  no  collodion  be  allowed  to  remain  on 
the  lip  or  in  the  neck  of  the  bottle  after  pouring  out  the  liquid,  to 
avoid  "  fixing "  of  the  cork  as  the  menstruum  evaporates. 

Collodions  are  best  dispensed  in  small  round-shouldered  vials 
provided  with  a  cork  through  which  a  camel-hair  pencil  has  been 
passed  and  securely  fastened  ;  this  avoids  loss  of  material  and  dry- 
ing of  the  collodion  in  the  brush — a  very  annoying  occurrence. 

ALPHABirncAL  List  of  Official  Ck)ixoDioNB. 

Lttin  Name.  English  Name.  Composition. 

<^^^ Collodion {^^^7]i?coto?S'(^''"  '' 

C  Chloroformic  Extract  of  Can- 
CoUodi„.C«th.ridatan.{C--*5j;^^^^on  J     ^h;^^- .^-P-"{7^^6!; 

[     Flexible  Collodion  85  Gm. 

r  Castor  Oil    3  Gm.,    Canada 

Collodium  Flexile  ....  Flexible  Collodion  .   .    \     Turpentine  5    Gm.,  CoUo- 

i     dion  92  Gm. 
Tannin    20  Gm.,  Alcohol,  5 

CoUodiom  Stypticum  .   .   .  Styptic  Collodion     .   .    \      ^?;',  ^^^^^^^  ^^^^  ^^^^j^^ 

100  Cc 
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SFEOIAL  REUABES. 


OoUodiOU. — If  the  pyroxylin  has  been  carefully  preund, 
should  be  perfectly  soluble  in  the  ofiicial  menstruum,  allaoa^Ji 
Blight  sediment  of  dirt,  etc.,  occurs  after  the  solution  has  been  s 
aside  for  a  few  hours ;  from  this  the  liquid  can  be  carefully  poun 
off,  as  filtration  is  impracticable.  Anthony's  collodion  cotton,  fp 
cially  prepared  for  photographers'  use,  has  been  found  ven  aoii 
factory. 

Cantharidal  Collodion.— The  value  of  caatharidal  coMi 
will  depend  upon  the  quality  of  the  powdered  cantharides  used  ar 
the  care  with  which  it  has  been  exhausted.  Since  chloroform  is 
very  volatile  menstruum,  percolation  must  be  conducted  in  it  speii 
apparatus  (see  Oleoresius),  to  avoid  loss ;  the  liquid  is  eosiiv  recu' 
ered  by  distillation  on  a  water-bath,  as  chloroform  boils  at  »b 
60°  C.  (140°  F.).  The  extract  dissolves  re^ily  in  fleiihle  aJl 
dion,  by  agitation,  the  finished  product  representing  60  percent.! 
its  weight  of  powdered  cantharides,  which  makes  it  nearly  twice: 
strong  as  the  ofiicial  cerate  of  cantharides. 

Flexible  Collodion, — The  addition  of  Canada  lurpentii 
(Canada  balsam,  or  balsam  of  fir)  and  castor  oil  imparts  to  colloJi' 
the  pn»perty  of  forming  a  flexible  pellicle  which,  while  ser\injr 
an  impervious  covering  to  the  part  affected,  yet  permits  of  pene 
freedom  of  motion. 

Styptic  Collodion. — Owing  to  the  large  proportion  of  tann 
ordered  in  the  formula  for  styptic  collodion,  it  is  neces^ry  to  us( 
small  quantity  of  diluent — ether  and  alcohol — with  which  me  tann 
is  thoroughly  mixed  before  the  final  addition  of  collodion.  Tlexi' 
collodion  is  not  suitable  in  this  case,  as  a  constringent  pellick' 
desired.  Any  impurities  from  the  tannin  may  be  remove^  by  rapv 
straining  the  solution  through  gauze  previously  moistened  with  ell 
and  alcoiLol. 


CHAPTER    XXVI. 

EMULSIONS. 

HE  term  "emulsion"  is  applied  to  a  more  or  less  permanent 
geneouB  liquid  mixture  composed  of  fatty,  ethereal,  or  resinous 
ances  and  wat«r,  Iha  former  being  suspended  in  a  minutely 
ed  state,  wliieh  gives  rise  to  a  peculiar  opaque  and  milk-like 
irance.  Nature  provides  types  of  true  enuilsione,  in  the  form 
ilk,  tlie  natural  footl  of  all  young  mammalia,  and  the  milk-like 
s  of  certain  plants  from  which  the  official  and  other  gum-resins 
stained. 

iiulsions  prepared  by  pharmacists  may  conveniently  be  divided 
natural  and  artificial ;  to  the  former  class  belong  those  which 
ade  from  seed  or  gum-resins,  by  simple  trituration  with  water, 
■e  having  provided  the  necessary  emulsifying  agent  in  intimate 
ation  with  the  oil  or  resin.  Artificial  emulsions  are  such  as 
■e  the  addition  of  some  foreign  body,  by  means  of  wbicli  the 
ision  of  the  oil  or  resin  is  made  possible ;  to  this  class  belong 
ajority  of  the  emulsions  prepared  at  the  dispcnsing-cotinler. 
and  volatile  oils,  as  well  as  ether,  chloroform,  oleoresins,  and 
,  are  suitable  for  exhibition  in  the  form  of  emulsion,  the  sus- 
in  in  water  being  accomplished  by  the  aid  of  appropriate 
ents,  such  as  acacia,  tragacanth,  yolk  of  e^,  casein,  dextrin, 
moss,  gelatin,  soap-bark,  etc.  Oil-yielding  seeds  and  natural 
esins  contain  albuminous  and  mucilaginous  matter,  by  means 
ich  the  oil  and  resin  can  be  brought  into  perfect  suspension  in 
and  SHch  emulsions  approach  more  closely  in  character  and 
ty  to  cows'  milk,  which  may  be  looked  upon  as  the  most  per- 
uulsion  known.  The  theory  of  emnlsification  is  as  follows  i 
isoluble  liquid  or  solid,  In  a  state  of  minute  division,  is  com- 
■  surrounded  or  enveloped  by  the  vehicle,  consisting  of  water 
cipient,  and  thus  an  opaque  mixture  is  produced,  from  which 
rticlea  cannot  separate  by  mere  force  of  cohesion ;  such  a  con- 
can  be  obtainM  to  perfection  only  by  choice  of  a  pro[)er 
snt,  and  for  artificial  emulsions  none  better  than  acacia  has 
3n  found.  Stability  of  artificial  emulsions,  while  primarily 
lent  upon  division  of  the  insoluble  liquid  into  minute  glob- 
!  also  influenced  to  some  extent  by  the  density  of  the  vehicle ; 
igar  has  been  found  to  increase  the  suspending  power  of  gum 
ally;  to  prevent  the  fermentative  changes  likely  to  arise  in 
iieona  v^etable  solutions,  alcohol  or  glycerin  is  frequently 
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■mulsions,  in  the  proportion  of  1  or  2  fluidounces  for  ev 

he  exception  of  those  composed  of  volatile  oils  or  etbei 
[nulsiuns  should  always  be  made  in  a  murtar,  either 
W^edgewood  or  hard  porcelain,  having  a  flat  bottom,  a 
I  of  seed  or  gum-resin  emnlsions,  one  of  deep  shape  [ 
1  a  hard-wood  pestle  is  to  be  preferred,  in  order  to  av 
m  the  force  oAen  necessary  in  crushing  and  manipulal 
al.  For  making  gum-resin  emulsions,  tne  cleanest  aod  I 
Id  be  selected,  as  the  commercial  fine  powders  are  unfit 
se,  partly  because  they  are  inferior  in  quality,  and  pai 
,ey  have  been  so  modified  by  drying  that  when  tritun 
r  they  form  simply  an  ordinary  mixture  from  which 
panit«s  rapidly  on  standing ;  this  change  is  due  to  dehy< 
eby  the  natural  association  of  gum  and  resin  has  li 
I  and  their  intimate  union  destroyed.  For  seed  emulsi< 
ither  proportions  are  specified,  1  part  of  seed  is  used  tc 
rater,  all  dirt  and  dust  being  carefully  removed,  if  ne 
'ashing  with  cold  water.  In  both  cases  the  materia 
ito  a  coarse  powder,  and,  after  the  addition  of  a  small  qi: 
,ter,  beaten  into  a  perfectly  smooth  pasty  mass;  to  t 
ider  of  the  water  is  then  ailded  in  divided  portions,  tr 
}  mass  thoroughly  and  keeping  it  well  scraped  f 
and  sides  of  the  mortar,  so  that  a  uniform  mixture  i 
ich  is  finally  passed  through  a  well-wetted  strainer  of  1" 

cheesecloth,  to  remove  the  inert  woody  fibre  and  poss 
In  making  emulsion  of  lycopodium,  it  becomes  ne 
turate  the  seed  dry,  wU/i  lome  pressure,  in  order  to  rup 
seed  envelope;  when  the  powder  changes  in  color 
lamp  and  adhesive  from  the  oil,  a  little  water  is  ad< 
h  a  smooth  sod  paste  can  be  formed,  to  be  further  dili 
lition  of  water  asdirected  above.  Emulsion  of  lyoopod 
jer  be  utraincd,  and,  if  properly  made,  will  show  no 
ing  on  the  surface ;  the  insoluble  matter  which  settles  v 
s  readily  reincorporated  by  agitation, 
nisions,  which  are  far  more  frequently  used  (atjeast  in 
han  those  made  from  seed  or  gum-resins,  require  r 
heir  pre|)aration,  as  success  depends  not  only  on 
ion,  but  also  on  the  judicious  choice  of  an  excipient. 
rule,  it  may  l>e  stat«cl  that  acaoia  produces  the  whitest 
le  emulsions,  because  its  perfect  and  ready  solubilit 
bles  the  operator  to  divide  the  oil  quickly  into  mi 
vhich  are  at  once  surrounded  by  an  envelope  of  the  n 
quid  and  thus  kept  from  coalescing.   The  od  globules 

acacia  emulsion,  when  compared  with  milk  under  a  vaz 
\,  more  closely  resemble  its  fat  globules  than  would  b« 
,de  with  other  excipients.  To  insure  success,  it  is  esse 
te  proportions  of  oil,  gum,  and  water  be  used  for  ma 
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rimary  emulsion,  which  can  then  be  diluted  with  wat«r   as 
d.     ivof  less  than  one-fourth  nor  more  than  one-half  as  much 

as  oil  should  be  used,  and  not  Use  than  one  and  a  half 
nor  more  than  twice  as  much  water  as  acacia.  The  mixing  of 
urn,  and  water  should  not  be  effected  by  the  usual  method 
■ituration,  which  involves  pressure  of  the  pestle  against 
aterial  on   the   bottom  and   sides  of  the  mortar,   and  conee- 

development  of    heat,    but   should  be  brought  about  by  a 

light  rotary  movement  of  the 
communicated  to  the  pestle  held 
y  in  the  hand,  as  shown  in  Fig. 
this  motion  partakes  more  of  that 
egg-whip,  and  the  oil  is  thus  rap- 
rohea  up  into  minute  globules  in 
-eaence  of  a  viscid  sohition. 
I  stated  before,  emulsions  of  fats 
Ixed  oils  are  best  made  in  a  flat- 
ued  mortar,  three  distinct  methods 
in  use  to  effect  the  desired  object, 
ly,  a  railk'like  liquid,  miscible 
water  without  the  separation  of  oil 
les.  By  many  pharmacists  the 
)d  usually  recommended  in  Great 
a  is  preferred;  this  consists  in 
ig  a  smooth  thick  mucilage  of 
lated  acacia  and  water,  and  then 
g  the  oil  by  d^^rees,  stirring  assid- 
f  until  each  portion  of  oil  is  emul- 
— lastly  adding  the  water  for  diiu- 
in  divided  portions.  The  other  two  are  sometimes  called  the 
tinental "  methods,  from  the  fact  that  they  are  used  almost 
lively  in  Continental  Europe.  They  do  not  direct  the  previous 
on  of  the  gum  in  water,  and  adhere  strictly  to  definite  propor- 

While  the  so-calk-d  "  English  "  method  yields  very  satisfactory 
a  in  the  hands  of  those  accustomed  to  it,  for  the  inexperienced 

of  the  other  two  methods  is  to  be  much  preferred,  such  pref- 
;  being  based  upon  observation  of  many  hundred  cases  in  the 
I  of  students  working  in  the  laboratories  in  charge  of  the 
r,  who  has  never  known  of  a  single  failure  by  a  novice  to 
a  perfect  emulsion  according  to  the  following  methods,  pro- 
,  of  course,  that  the  directions  as  given  were  followed, 
ace  in  a  mortar  one-fourth  as  ranch  finely  potedered  acacia  as 
il  to  be  used  (7.5  Gm.  of  acacia  for  .30  Cc.  of  oil,  or  .^j  for 
:hen  add  the  oil  and  triturate  well  together  into  a  smooth  mixt- 
Now  add  all  at  once,  not  gradually,  twice  as  much  water  as  the 
.  which  has  been  used  (15  Cc.  of  water  for  7.5  Gm.  of  acacia, 
\'  for  .?ij),  and  stir  rapidly  until  a  perfect  emulsion  has  been 
d,  which  is  known  by  the  appearance  of  a  white  pasty  mass, 
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ee  from  oil  particles,  aod  a  peculiar  crackling  notse  as  tk  \i 

(irawa  through  the  adhesive  mixture.  This  primary  tm 
lould  be  well  scraped  with  a  spatula  from  the  pestle  and  sldt 
le  mortar,  again  stirred,  and  then  the  remainder  of  the  water  si 
ided  with  constant  stirring.  Granulated  acacia  cannot  be  ua 
lis  method,  as  with  m  small  a  quantity  of  gum  it  is  necessary 
dissolve  almost  immediately,  which  will  not  occur  with  the  p 
ted  variety. 

The  second  of  the  so-called  "  Continental "  methods  S\ 
icreaeed  proportions  of  acacta  and  water,  by  which  meai 
{ually  perfect,  and  at  the  same  time  denser,  primary  emulsl 
>tained.  One-half  as  much  granulated  acacia  a^  oil  is  used 
le  and  a  half  times  as  much  water  as  gum,  or  one-half  as  i 
ater  as  oil  and  gum  together ;  thus,  oil  30  Cc.  or  f^,  grauii 
lacia  15  Gm,  or  siv,  and  water  22.5  Cc,  or  f;5vj.  Place  the  a 
I  a  dry  mortar,  add  the  oil  and  water,  and  stir  briskly  until  i 
ct  emulsion  results,  which  dilute  with  the  remaining  water, 
Le  preceding  method. 

If  from  any  cause  the  primair  emulsion  should  fail,  it  will  ] 
I0S.S  of  time  and  labor  tty  endeavor  to  save  it  by  the  additii 
im  or  water,  provided  the  right  proportions  were  used  in  th( 
ace;  the  best  plan  is  to  begin  over  again  and  observe  en 
stalls.  Assiduous  stirring  or  shaking  is  of  no  avail  in  tr)'i 
ve  a  "  cracked  "  emulsion,  which  has  a  pearly  appearance  ii 
ortar,  and  the  further  addition  of  gum,  while  incrcasin| 
snsity  of  the  mixture,  does  not  always  i-emedy  the  trouble. 

The  above  methods  are  equally  well  adapted  for  liquid 
sins,  such  as  copaiba,  oleoresin  of  cubeb,  etc.  If  solid  fats, 
lor,  some  oleoreslns  and  resinous  extracte,  as,  for  instance,  e; 

Indian  cannabis,  are  to  be  administere<l  in  aqueous  liqui 
ill  be  found  advanb^ons  to  dissolve  them  in  a  small  quanti 
ted  oil  (oil  of  sweet  almond  or  olive  oil),  and  then  to  enn 
lem  in  the  manner  directed  for  these  oils.  Salol,  menthol,  th; 
losphorus,  and  other  substances  can  likewise  convenientl 
nulsified  after  solution  in  some  fixed  oil.  The  emulsificatii 
eru  balsam  will  materially  be  facilitated  by  the  addition  of  a 
cohol  or  oil  of  sweet  almond,  about  10  per  cent,  of  the  volur 
dsam  being  sufficient.  If  emulsions  of  wax  or  spermaceti  : 
;  made,  heat  must  be  employed ;  the  wax  or  spermaceti  is  n 

a  mortar  heated  to  about  65°  C.  (149"  F.)  and  mixed  wil 
[Ual  weight  of  powdered  acacia,  after  which  exactly  one  and  a 
lies  as  much  water  as  acacia,  heated  to  near  boiling,  is  added 
e  mixture  briskly  stirred.  After  the  emulsion  cools  to  ; 
)°  C.  (86°  F.)  more  water  may  be  added  in  small  quantities, 
>nstant  stirring.  AVhenever  double  emulsions  are  ordered,  a 
stance,  a  seed  emulsion  with  that  of  a  fixed  oil,  better  result; 
:  obtained  if  separate  emulsions  be  made  and  then  mixed;  ' 
stor  oil  is  to  be  mixed  with  emulsion  of  almond  as  a  vehicle 
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lid  be  eraulsionized  with  the  requiEite  quantity  of  acacia  and 
and  this  primary  emulijion  then  diluted  with  the  almond 
in,  out  of  which  the  wat«r  necessary  for  the  previous  einulsi- 

of  the  oil  has  been  retained. 

enever  an  oil  emulsion  is  made,  the  rule  should  be  observed 
a  measure  the  water  in  an  oilv  graduate,  as  otherwise  oil  par- 
aight  snbsequentlv  be  carried  into  the  mixture,  and,  failing 
nulsified,  eventuaily  rise  to  the  surface.  The  view  held  by 
uthorities,  that  a  good  emulsion  is  capable  of  emulsifying 
lal  quantities  of  oil,  requires  modification,  as  pointed  out 

Gerrard,  of  England ;  for,  although  a  perfect  fixed-oil  emnl- 
Imits  of  the  incorporation  of  more  oil,  this  latter  oil  will 
lergo  emulsification,  but  simply  he  mixed  intimately,  as  can 
■ed  by  the  addition  of  water,  when  the  newly  added  oil  will 
e.  A  perfect  artificial  emulsion  should  have  a  milk-like 
ince  and  consistence,  be  miscible  with  water  without  separa- 
lould  flow  readily  from  the  mortar  without  leaving  any 
ig  particles,  so  that  it  can  be  washed  with  plain  water,  and, 
ration  takes  place  after  standing  at  rest  for  some  time,  a 
ike  layer  should  rise  to  the  surface,  which  can  be  quickly 
porated  by  agitation.  Heat  is  detrimental  to  the  permanence 
Isions   and   causes   separation,   so   also   large   quantities  of 

or  saline  matter.  Substances  which  have  a  tendency  to 
water,  such  as  magnesia,  must  not  be  mixed  with  the  emul- 
nless  previously  completely  hydrated.  AH  salts  should  be 
n  the  form  of  solution,  and,  together  with  tinctures  and  other 
c  liquids,  not  until  the  primary  emulsion  has  been  properly 

ilsions  of  ether,  chloroform,  oil  of  turpentine,  and  other 
liquids  are  best  prepare<1  by  ablation  in  a  bottle  after  the 
first  su^ested  by  Forbes,  The  liquid  to  be  emulsionized 
hI  into  a  perfectly  dry  bottle  and  the  powdered  acacia  added, 
tiich  the  bottle  is  well  shaken  so  that  the  acacia  may  become 
d  with  the  volatile  liquid  ;  water  is  then  added  and  agita- 
Dtinued  until  a  homogeneous  emulsion  results,  which  can 
be  diluted  by  the  gradual  addition  of  water.  Volatile  oils 
ereal  liquids  will  never  form  as  perfect  an  emulsion  as  fixed 
1  separation  of  the  mixture  takes  place  more  speedily  ;  if 
s  been  observed,  however,  in  making  the  mixture,  only  a 
reamy  layer  will  rise  to  the  surface,  which  can  be  reincor- 
by  agitation.  As  a  rule,  volatile  oils  and  ethers  require 
um  than  fixed  oils,  and  less  than  30  grains  of  powdered 
hoiild  not  be  used  for  each  fluidrachm  ;  the  amount  of  water 
ded  should  always  be  equal  to  twice  the  acacia  used.  Oil 
>ntine  unites  very  readily  with  wtder  and  gum,  and  it  is  sur- 
to  see  bow  small  a  quantity  of  gum  will  sufiice  to  form  a 
emulsion  from  which  no  oil  will  separate  in  an  uncomhined 
ily  a  dense  creamy  layer  rising,  composed  of  the  oil  of  tur- 
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peotine,  gum,  and  some  water  in  iDtimate  ucion ;  20  grains  of 
aered  acacia  Eliakea  in  a  bottle  with  1  fluidounce  of  oil  of  tu 
tine,  and  4  fluidrachras  of  water  then  added,  will  yield  i. 
satisfactoiy  emulsion,  which  can  be  kept  for  days  without  separ 
an  oily  layer.  All  emulsions  of  volatile  oils  are  more  perm 
if  made  with  the  aid  of  some  fixed  oil  previously  added  to  the 
tile  oil ;  such  emulsions  are  preferably  made  in  a  mortar. 

When  powdered  tragacanth  is  preferred  as  an  emulsifying  i 
it  may  be  used  in  the  proportion  of  one-tenth  or  one-eighth  (i 
necessary  weight  of  acacia,  and  requires  from  10  to  20  tinn 
weight  of  water ;  it  should  be  thoroughly  mixed  with  the  oil  i 
mortar  or  bottle,  as  the  case  may  be,  and  after  the  addition  of 
the  mixture  should  be  stirred  rapidly  or  shaken  until  the  pri 
emulsion  has  been  formed.  The  division  of  oil  globules  by  i 
of  mucilage  of  tragacanth  is  much  coarser  than  with  acacia, 
tragacanth  emulsions  are  never  so  whit«  nor  seemingly  so  pe 
hut  owing  to  the  viscosity  and  magma-like  condition  of  mucile 
tragacanth  the  oil  globules,  although  not  finely  divided,  are 
from  reuniting,  and  thus  sepamtion  of  an  oily  layer  is  prev' 
Mixtures  of  tragacanth  and  acacia  are  often  employed,  partlci 
in  the  emulsificatton  of  cod- liver  oil,  tu  obtain  greater  prot 
against  separation. 

Yolk  of  e^  has  long  been  known  as  a  valuable  excipi 
emulsions,  particularly  when  acids  or  lat^  proportions  of  ale 
liquids  are  to  be  added.  One  yolk  from  an  egg  of  average  sii 
suffice  for  1  fluidounce  of  a  fixed  oil  or  for  }  fluidouoce  of  a  v 
oil ;  in  place  of  the  simple  yolk,  a  solution  of  yolk  of  ^^  45 
and  glycerin  55  parts,  known  as  glyconin,  may  be  used  with  i 
lage,  2J  flnidracnms  being  required  for  1  fluidounce  of  fixed  < 
either  case  the  oil  should  oe  added  in  small  quantities  to  the  y 
egg  or  glyconin,  previously  rubbed  smooth  in  a  mortar,  each  f 
being  thoroughly  incorporated  before  another  addition  is  made; 
mixture  should  become  inconveniently  thick,  a  small  quant 
water  may  be  inti-oduced,  and  after  all  the  oil  has  been  emi 
the  prescribed  amount  of  water  is  added,  likewise  in  divided  p<i 
with  constant  stirring.  The  readiness  with  which  yolk  of  egg 
with  fixed  oils  is  due  to  the  fact  that  it  is  itself  a  natural  en 
of  an  oil  and  albuminous  matter.  Some  little  care  is  neces£ 
removing  the  yolk  of  egg  from  the  shell,  to  avoid  contam 
with  the  white  or  albumen,  which  has  a  tendency  to  form  c 
the  emulsions. 

Of  other  emulsifying  agents  introduced  during  the  last 
years,  none  has  been  more  extensively  used,  particuIaHv  on  ! 
scale  by  manufacturers,  than  mucilage  of  Irish  moss.  Towat 
oils  the  mucilaginous  matter  of  Irish  moss  behaves  snraewh 
tragacanth,  particularly  if  the  solution  of  the  former  be  madt 
what  thick.  This  mucilage  is  made  by  washing  the  drug  wil 
water  to  remove  saline  and  other  foreign  matter,  then  heating 
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aired  quantity  of  water  in  a  dish,  for  fifteen  minntes,  on  a 
wat«r-oath,  and  finally  iitraining  the  mixture ;  the  strength 
nncilage  may  be  from  10  to  15  grains  to  the  ounce,  the  usual 
1  being  about  12  grains.  Of  the  latter  mucilage,  5  fluid- 
B  are  considered  sunicient  for  1  fluidounce  of  oil,  the  emulsion 
lade  by  adding  the  oil  in  small  portions  to  the  mucilage  con- 
n  a  bottle  and  agitating  briskly  after  each  addition  ;  after  all 
has  been  emulsified,  syrup  or  more  water  may  be  added  as  a 
Emulsions  made  with  Irish  mow  are  not  so  white  as  those 
ith  acacia,  and  contain  the  oil  in  a  coarser  state  of  division  ; 
sDufacturers  add  acaeia  to  the  Irish  moss  mucilage,  in  order 
ove  tbe  emulsion. 

ile  milk  itself  is  a  very  poor  emulsifier  of  fats  &a6  fixed  oils, 
iminotd  constituent,  casein,  is  said  to  be  even  superior  to 

According  to  Leger,  a  French  pharmacist,  it  is  best  used 

form  of  a  saccbarat^Kl  powder,  prepared  as  follows :  To  4 
of  milk  warmed  to  40°  C.  {104°  F.)  add  2^  fluidounces  of 
ia-water,  and  after  setting  aside  for  twenty-four  hours  with- 
le  lower  milk-serum  from  the  upper  &tty  layer.  Precipitate 
ia  from  the  milk-semm  by  the  addition  of  acetic  acid,  and 
ie  precipitate  by  decantation  with  water  warmed  to  about 
f]04°  F.) ;  finally  collect  on  a  wetted  muslin  strainer  and 
the  moisture.  Determine  the  amount  of  dry  casein  in  the 
by  heating  a  weighed  portion  to  complete  dryness  in  an  air- 
dd  10  Gm.  of  sodium  bicarbonate  and  sufficient  sugar  to 
when  dry,  a  powder  containing  10  per  cent,  of  its  weight  of 

The  mass  must  be  dried  at  a  gentle  heat  and  powdered  ;  it^ 
ell  for  a  long  time  in  securely  corked  bottles.  For  oil  emul- 
^r  recommends  the  makiog  of  a  mucilage  of  15  parts  of 
ted  casein  with  5  parts  of  water,  and  adding  to  this  in  smalt 

15  parts  of  oil,  stirring  well  after  each  addition  ;  finally 

the  emulsion  as  required. 

ensed  milk  has  also  been  successfully  used  as  an  emulsifying 
:  castor  oil  and  cod-liver  oil.  A  fluidounce  of  the  oil  is 
y  trituration  in  a  mortar,  in  small  qiiantities,  with  J  fluid- 
condensed  milk,  and,  when  emnlsified,  ^  fluidounce  of  water 

added,  with  constant  stirring.  Such  emulsions,  however, 
lar  dilution  well. 

age  of  dextrin,  made  by  heating  1  ounce  of  white  dextrin 
inces  of  water  until  dissolved,  has  been  recommended  as  an 
ng  agent,  each  fluidounce  of  fixed  oil  requiring  6  fiuid- 
jf  the  mucilage,  which  must  be  cooled  just  short  of  gela- 
3ut  the  results  are  not  satisfactory. 

aponaceous  principles  of  quillaja  and  other  drugs  rich  in 
possess  the  property  of  dividing  and  suspending  oil  g'ob- 
!  well  if  used  in  sufficient  quantity.  While  Uie  official 
;t  and  tincture  of  qnillaja  could  be  employed  for  this  pur- 
oxic  properties  of  tne  constituents  render  them  undesirable 
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and  they  should  never  be  used  without  the  knowledge  and  «> 
[tf  the  physician. 

For  making  from  1  to  5  gallons  of  emulsion,  the  appa 
known  as  the  Morton  patent  e^-beater,  or  whisking  machine, 
trated  in  Fig.  217,  lias  been  found  very  serviceable  and  satisiac 
it  is  made  of  heavily  tinned  iron,  and  supplied  with  a  ^ 
chamber  underneath,  by  means  of  which  either  not  or  cold  watei 
l>e  employed  for  tempering,  whenever  desired.  The  upper  ta 
provided  with  a  rounded  bottom,  and  the  emulsification  is  et 
Ijy  means  of  several  heavy  wire-beatere  in  circular  form  revc 
rapidly  in  opposite  directions  within  each  other,  whereby  coi 
3ross-cutting  of  the  mixture  and  most  perfect  dashing  of  th€ 
itituents  are  insured  ;  to  prevent  dust  from  entering,  the  tank  i 
vided  with  a  well-fitting  top.  The  beaters  are  easily  removi 
withdrawing  the  frame,  and  the  apparatus  can  be  quick!; 
thoroughly  cleaned. 

Fio.  217. 


The  Moitoa  pslenl  egg'be>(«r. 

When  emulsions  are  to  he  made  on  a  large  scale,  the  usual  ] 
lo  add  the  oil,  in  a  thin  continuous  stream,  to  the  mucilage  <^u 
in  a  suitable  churning  apparatus  operated  by  steam  power,  t-he 
jre  being  kept  in  constant  agitation  by  rapidly  revolving  ra 
jiades  frequently  provided  with  numerous  perforations.  I 
way  10  or  15  gallons  of  oil  can  be  completely  emulsified 
TOurse  of  a  dav. 


EMULSIOSS. 


THE  OFFICIAL  EHULSIONS. 


Pharmacopceia  recognizes  6  emulsiona :  1  each  made  from 
)rm  and  fixed  oil,  gum-resin,  seed,  and  volatile  oil  with  fixed 

'2  made  from  fixed  oil.  In  each  case  specific  <lirections  are 
jr  manipulation,  which  agree  with  those  explained  ebewhei'e. 


AlJ-HABEHCAL  LlffT  OP  THE  OFnCIAI.  EHVI:.aiON& 


EngKab  Name. 


Emulsion  of  AsafeCida 


Olei  Morrhiue 


Emnkion  of  Cod-liver 


I  Olei  Morrhuee  r  Emulsion  of  Cod-liver 
Elypophospbiti-  \  Oil  nith  Hjpophoe- 
1      ptules 


,  Olei  Terebin- 


ComposiUon. 

Sweet  Almond  60  Gin.,  Atacim 
lOGm.,  Sugar  30  Gm.,  Water 
aufficient  tu  make  1000  Cc 

Asafetida  40  Gm.,  Water  effi- 
cient to  make  1000  Cc 

Cblorotoim  40  Cc,  EipresMl 
OU  of  Almond  00  Cc.,  Traga- 
canth  10  Gm.,  Water  suffi- 
cient to  make  1000  Cc 

Cod-liver  Oil  500  Cc,  Acacia 
125  Gm.,  Syrup  100  Cc,  Oil 
of  Gaullberia  4  Cc,  Water 
sufficient  to  make  1000  Cc 

Cod-liver  Oil  500  Cc,  Aencia 
125  Gm  Symp  100  Cc,  Oil 
of  Gaultheria  4  Cc,  Calcium 
Hypophosphite  10  Gm.,  Po- 
tassium n;pi)phoephile  5 
G  m . ,  Sodium  Hy  poph  oephite 
5  Gm.,  Wat^r  sufficient  to 
,      make  1000  Cc 

B«ctiSed  Oil  of  Turpentine  15 
Cc,  Eipressed  Oil  of  Almond 


Special  Remarks. 

llsion  of  Almond. — The  Pharmacop<Bia  directs  the  almond, 
ind  sugar  to  be  thoroughly  mixed  and  then  incorporated  with 
pr.  This  is  best  done  oy  first  making  a  smooth  jmste  with  a 
uantity  of  water,  and  then  gradually  diluting  with  the 
let  of  the  water,  so  that  a  uniform  liquid  may  result. 
acacia  and  sugar  prescribed  in  the  official  formula  are  by  no 
ssential  to  the  formation  of  a  perfect  emulsion,  although  they 
he  stability  of  the  preparation.  Emulsion  of  almond  more 
resembles  cows'  milk  in  appearance  than  any  other  seed  or 
Ision  made ;  the  fixed  oil  present  is  kept  suspended  in  a  very 
e  of  division  by  means  of  the  albuminous  matter  known  as 
or  synaptasc,  which  constitutes  the  chief  body  of  the  seed, 
d  almonds  should  always  be  used,  so  that  a  pure  white  liquid 
suit.  Almonds  are  best  blanched  by  macerating  them  in 
^ater  until  the  skin  becomes  loose,  when  it  can  be  quickly 
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removed  by  umple  pressure  between  the  fiagers.  Emalsi< 
almond  is  also  known  a^  milk  of  almond,  aad  should  always  be 
freah  when  wanted.  When  iq^ended  as  a  solvent  or  vehid 
local  applications,  such  as  mercuric  chloride,  borax,  zinc  oxid« 
it  must  invariably  be  made  without  the  sugar  and  acacia  direct 
the  official  formula. 

Emtilsion  of  ABafetida.— As  already  stated  on  page  316 
select  tears  of  the  gum~resin  should  be  used  for  this  emimion.  ' 
are  crushed  into  a  moderately  coarse  powder  and  beaten  into  i 
fectly  smooth  paste  with  a  very  small  quantity  of  water,  after' 
more  water  is  gradually  added,  ao  aa  to  enable  the  operator  U 
duce  a  perfectly  homogeneous  mixture.  In  order  to  accomplia! 
it  is  necessary  that  the  paste  first  obtained  be  scraped  froi 
pestle  and  sides  of  the  mortar  and  gradually  reduced  to  a  s; 
consistence  by  the  use  of  small  quantities  of  water,  Afler  s 
ing  the  finished  product  through  a  previously  moistened  pit 
flannel,  oidy  extraneous  matter,  such  as  sand,  woody  fibre, 
ohould  be  left  behind,  but  no  particles  of  the  gum-resin.  £mi 
of  asafetida  is  also  known  as  milk  of  asafetida,  and  is  sometime 
scribed  by  physicians  as  lac  asaftstidee.  The  color  of  the  emi 
is  usually  white,  but  may  be  yellowish,  pink,  or  even  reddish,  de 
ent  upon  coloring-matter  unavoidably  present  in  the  gum-reain 

The  other  official  emulsions  do  not  require  special  com 
except  to  state  that  in  the  case  of  both  the  Emulsion  of  Chlot 
and  the  Emulsion  of  Oil  of  Turpentine  the  preparation  is  rei 
more  stable  by  the  addition  of  the  fixed  oil.  If  the  official 
tions  fiir  preparing  the  emulsions  are  strictly  followed,  satisf 
products  will  be  obtained  in  every  instance.  Whenever  sol 
of  salts  are  to  be  mixed  with  emulsions,  as  in  the  case  of  the 
Emulsion  of  Cod-liver  Oil  with  Hypophoppites,  they  sboi 
added  after  the  primary  emulsion  has  been  properly  cUluted. 
same  precaution  applies  to  the  addition  of  syrups  and  tinctnn 
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terra  "  mixture  "  in  pharmacy,  and  more  particularly  in  dis- 
;  operations,  is  applied  to  liquid  mediciaes  which  either  con- 
wluhle  substances  in  suspcDsion  or  are  composed  of  two  or 
quids,  with  or  without  the  addition  of  Baline  or  other  material 
lion  ;  in  its  more  restricted  application  the  term  is  applied  to 
edicines  as  are  intended  for  internal  administration.  In  oniy  a 
es,  in  which  the  stability  of  the  preparation  for  a  considerable 
[)f  time  can  reasonably  be  assured,  are  mixtures  kept  in  stock ; 
;he  extemporaneous  preparation  of  mixtures  is  a  matter  of 
it  occurrence,  as  it  is  with  physicians  a  favorite  method  of 
jteriug  medicines,  because  more  extended  use  can  be  made  of 
nts  and  flavoring  agents,  with  a  view  of  improviog  the  mixt- 
armaceutically  and  therapeutically,  Coosiderable  skill  and 
;nt  are  frequently  necessary  in  the  preparation  of  mixtures,  so 
i  object  of  the  prescriber  may  be  fully  attained  and  each  frac- 

the  mixture  contain  an  aliquot  part  of  all  the  ingredients. 
oluble  or  only  partly  soluble  substances,  particularly  those  of 
able  nature,  should  be  brought  to  the  condition  of  smooth  and 
1  suspension  by  trituration  in  the  form  of  very  fine  powder 
e  liquid  in  the  mortar ;  this  is  best  done  by  first  rubbing  into 
th  paste  with  a  portion  of  the  liquid  and  then  diluting  this 
e  remainder,  constantly  stirring.  Calcined  magnesia  ormag- 
ad  charcoal  can  best  be  brought  into  a  uniform  mixture  with 
by  stirring  at  once  with  sufficient  water  to  overeome  the  ten- 
>i  the  magnesia  to  "  set "  in  a  gelatinous  mass ;  a  amall  quan- 

water  added  to  calcined  magnesia  also  causes  it  to  become 
ind  difficult  to  mix.  Some  prefer  to  add  the  magnesia  to  the 
ind  diffuse  by  agitation.     In  all  cases  the  mixture  should  be 

through  a  loosely  textured  cloth.  All  powerful  remedies, 
i  mercuric  chloride,  arsenous  acid,  the  salts  of  morphine, 
line,  etc.,  should  always  be  brought  to  a  state  of  perfect  solu- 
fore  they  are  added  to  the  other  ingredients  of  a  mixture,  so 
nsure  a  uniform  distribution  throughout  the  liquid.     Sub- 

which  are  readily  diffiisible  in  the  liquid  by  agitation  of  the 
do    not,  as  a  rule,  require   the  addition  of   an  excipicnt  to 

their  uniform  suspension  ;  but  other  in.soluble  substances 
jre  relatively  much  heavier  than  water,  or  are  inclined  to 
1  the  surface  of  the  liquid,  demand  the  addition  of  some 
pnous  or  other  body  to  increase  the  density.    Syrup,  glycerin, 
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or  honej'  is  frequently  preferable  to  acacia  or  tragacanth,  espc 
in  the  case  of  neavy  metallic  salts,  liable  to  form,  with  the  g 
conipact  mass,  wliicli  cannot  be  readily  suspended  by  a^tation 

Formerly  emulsions  were  recognized  among  the  mixture 
they  are  now  considered  as  a  distinct  class  of  preparations,  the 
acteriatics  of  which  have  been  described  in  the  preceding  chap 

In  connection  with  the  pre imrati on  of  mixtures,  it  becomes 
sary  to  consider  the  subject  of  incompatibility ;  this  term  is  a| 
to  the  antagonism  or  disability  of  harmonious  coexistence,  wt 
exhibited  by  numerous  substances  when  brought  into  contad 
certain  other  substances.  Liquids  which  are  not  mutually 
soluble,  although  they  can  be  brought  into  homogeneous  mi 
with  the  aid  of  excipients,  are  often  said  to  be  incompatible  wit! 
other,  as  in  the  case  of  fixed  oils  and  water,  chloroform  and  giv 
etc. ;  but,  strictly  speaking,  the  term  incompatibility  in  pnai 
refers  to  the  relation  existing  between  two  or  more  bodies  by  i 
of  which  they  cannot  be  mixed  without  undei^iug  or  prod 
some  change  of  a  physical  or  chemical  nature.  Three  kini 
incompatibility  exist — pharmaceutical,  chemical,  and  therapei 
of  which  the  pharmacist  must  take  uote,  and  for  the  proper  u 
standing  of  wnich  he  must  rely  upon  his  knowledge  of  the  ph) 
chemical,  and  medical  properties  of  drugs. 

Phormaceatical  incompatibility  is  such  as  affects  the  ph 
properties  of  substances,  and  is  chiefly  confined  to  their  solufc 
it  may  result  in  the  partialor  total  separation  of  matter  held  in 
tion,  which  may  include  valuable  constituents  of  the  mixture, 
may  cause  simply  a  separation  of  liquids  from  each  other, 
changes  due  to  pharmaceutical  incompatibility,  being  entire!' 
physical  character,  can  often  be  avoided  or  overcome  by  jud 
manipulation  or  by  the  addition  of  some  suitable  excipient  oi 
tective  agent.  The  mixture  of  strongly  alcoholic  liquids 
solutions  of  acacia — of  acid  or  neutral  aqueous  liquids  with  re 
tinctures — of  alcoholic  or  ethereal  solutions  of  volatile  oils  and 
substances  with  aqueous  liquids — the  admixture  of  solids 
undei^  liquefaction  by  reason  of  intersolubility,  as  in  the  c 
camphor  with  solid  fats,  hydrated  chloral,  thymol,  salol,  menth' 
— the  addition  of  certain  metallic  sa\\&  to  vegetable  solutions,  c 
gelatinization,  asin  thecaseof  tincture  of  ferric  chloride  and  mi 
of  acacia — are  all  instances  of  pharmaceutical  incompatibilitii 
many  eases  of  physical  incompatibility  the  trouble  may  be  t 
by  appropriate  dilution  before  mixing,  as,  for  instance,  when 
of  nitrous  ether  or  tincture  of  ferric  chloride  is  to  be  mixe 
A  strong  mucilage  of  acacia  :  a  perfectly  uniform  mixtat 
from  precipitate  or  gelatinization,  can  be  prepared  if  the  m 
as  well  as  the  spirit  or  tincture  be  first  lately  diluted  with 
and  such  should  be  the  invariable  rule  when  these  siihstam 
prescribed  together.  When  tinctures  of  asafetida,  guaiac,  1 
myrrh,   and   similar  substances  are  ordered    in  comliinatio 
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>us  saline  liquids,  separation  of  the  resinous  matter  will  inva- 
'  result  unless  a  protective  agent  is  present,  by  meaosof  which 
nely  divided  precipitate  is  kept  in  perfect  suspension, 
le  value  of  noney  as  a  preventive  of  unsightly  precipitation 
:>e  exemplified  in  the  following  well-known  prescription,  which 
lused  some  pharmacists  much  annoyance  : 

B— Potaeeii  Chloralia aj. 

Tinct  Guuoci  \ 

Tinct.  Qiichome  Gi.    [- Sa  \im. 

Mellis                           J  ° 

AqUK q.  g-ad^iij— M. 

e  honey  be  put  into  a  mortar  and  the  tincture  of  guaiac  slowly 
)  so  that  the  two  become  well  mixed,  no  separation  of  resinous 
•X  will  occur  if  the  potassium  chlorate  dissolved  in  1}  fluid- 
s  of  water  be  added  with  constant  stirring ;  the  compound 
ire  of  cinchona  is  added  lastly,  and  a  uniform  mixture  of  piuk 
results.  If,  ou  the  other  hand,  the  honey  be  mixed  with  the 
on  of  potassium  chlorat«  and  a  mixture  of  the  two  tinctures 
added,  trouble  is  sure  to  arise,  as  also  if  the  hon^  be  mixed 
the  two  tinctures  in  a  bottle  and  the  solution  of  potassium 
ite  then  added. 

■nips,  honey,  and  glycerin  are  frequently  associated  with 
ras  tinctures  by  physicians,  for  the  purpose  of  avoiding  the 
ation  of  resin,  and,  if  used  in  sufficient  quantity,  will  answer 
uipose ;  in  the  absence,  however,  of  such  provision,  it  is  the 
of  the  pharmacist  to  add  some  inert  substance  which  will 
e  him  to  prepare  a  mixture  of  uniform  composition.  If  the 
nng  two  prescriptions  be  dispensed  exactly  as  ordered,  the 
of  the  tincture  in  both  cases  would  be  precipitated  and  gradu- 
leposited  on  the  sides  and  bottom  of  the  bottle,  thus  depriving 
atient  of  an  important  part  of  the  medicine;  no  amount  oi 
ng  will  even  temporarily  suspend  the  precipitated  resin  uni- 
y,  but  only  increase  its  separation  from  the  liquid. 

B— Potusii  Bromidi giv. 

TiDCt  Lupnlini Sj- 

AquK  MeDthn  Vir 31J. — M. 

E— Potasiii  ChloratU gjj. 

Tinct.  Oiuuari A)- 

AqiHE      q.  s.  ad  Jiv.— M. 

mixing  the  resinous  tincture  or  fluid  extract  with  powdered 
anth  in  a  mortar,  and  then  adding  the  water  or  saline  solution 
illy,  with  constant  stirring,  a  perfect  mixture  can  be  obtained 
vhich  the  suspended  resin  separates  very  slowly  in  a  finely 
d  form,  so  as  to  be  readily  reincorporated  by  simple  agitation. 
)ix)portion  of  tragaeanth  to  be  used  will  depend,  to  some 
,  upon  the  volume  of  dilution;  for  instance,  in  the  above  pre- 
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ecriptlons,  10  or  12  grains  will  be  amply  sufScient,  while  if  a 
mixture  were  intended,  15  or  18  grains  would  be  preferable, 
rule,  10  grains  of  tragacanth  will  be  required  for  each  fluidouni 
a  tincture  or  half  fluidounce  of  a  fluid  extract. 

This  general  rule  to  suspend  the  precipitated  resinous  matti 
means  of  tragacanth  should  not  be  adhered  to,  however,  in  all  c 
as,  for  instance,  when  a  cuametic  lotion  containing  tincture  of 
zoin,  glycerin,  and  water,  is  desired,  or  in  the  case  of  a  muuth- 
comp^^ed  of  tincture  of  myrrh  and  water.  In  both  miitupe^ 
presence  of  tragacanth  would  prove  decidedly  objectionable, 
very  satisfactory  results  can  be  obtained  by  pouring  the  respe 
tincture  slowly  and  in  a  thin  stream  into  cold  water  contained 
bottle,  adding  any  glycerin  that  may  have  been  ordered,  and  mi 
the  ingredients  by  repeatedly  and  slowly  inverting  the  bottle, 
resinous  matter  in  such  cases  is  precipitated  in  a  finely  divided 
and  remains  well  suspended  in  the  fluid.  Strong  agitation  v 
cause  rapid  separation  in  lumps. 

Other  cases  of  physical  incompatibility  may  be  observed  ' 
strong  solutions  of  metallic  salts  are  to  be  made  with  aroi 
waters;  for  instance,  jMtassium  or  sodium  bromide  with  camj 
water  or  peppermint- water,  etc.  Part  of  the  camphor  or  oil  of 
perraintwill  be  precipitated,  and  a  remedy  for  the  trouble  ms 
foimd  either  in  tne  use  of  plain  distilled  water  or  in  the  additi< 
a  small  quantity  of  alcohol  for  a  corresponding  amount  of 
medicated  water,  but  sucii  changes  .should  not  be  made  without 
suiting  the  prescril>er.  A  solution  of  potassium  bromide  ^ 
camphor  water  Siv  will  require  siiss-siij  of  alcohol,  which  is  pi 
ably  added  to  sufficient  camphor  water  to  make  a  volume  of  4 
ounces,  before  dissolving  the  potassium  salt. 

The  turbidity  caused  by  the  partial  separation  of  volatile 
other  bodies  when  an  alcoholic  solution  of  the  same  is  add 
aqueous  fluids  is  due  to  the  decreased  solubility  of  the  substar 
the  diluted  spirit,  and  cannot  be  overcome  by  the  ordinnrv  met 
filtration  with  the  aid  of  such  media  as  purified  talcum,  ca 
phosphate!,  etc.,  is  not  always  permissible,  and  then  the  appli 
of  the  general  rule — nevar  to  dtJtpenw  a  mixture  containing  in* 
matin-  without  a  "Shake  well  be/ore  using"  label — is  all  that  c 
done  by  the  pharmacist. 

Sometimes  the  particular  order  of  mixing  two  or  more  I 
will  have  a  marked  effect  on  the  appearance  of  the  flnisbed  pr 
Thus,  in  the  preparatiou  of  the  ofncial  aromatic  spirit  of  ami 
if  the  aqueous  solution  of  ammonium  carbonate  be  added 
alcoholic  solution  of  the  oils,  as  directed  in  the  Pharmacol 
saline  precipitate  will  almost  invariably  form,  which  siibseq 
is  redissolved  very  slowly,  often  requiring  days  to  produce  i 
liquid.  If,  however,  the  alcoholic  solution  of  the  oils  be 
slowly  to  the  watery  alkaline  solution,  no  precipitation  wfa 


snjieal  incompatibility,  as  its  name  indicates,  depends  upon 
lemical  properties  6f  substantias,  and  invariably  involves 
position  of  one  or  all  of  the  bodies  brougbt  into  contact,  with 
suiting  formation  of  new  compounds.  The  existence  of 
»1  incompatibility  has  proved  most  valuable  in  the  study  of 
nic  and  oiganic  matter,  and  forms  the  basis  upon  which  rests 
ry  extensive  superstructure  of  analytical  chemistry.  Chemical 
position  is  not  always  accompanied  by  the  separation  of  iiisol- 
latter,  for  in  numerous  cases  the  newly  formed  compound  is 
tly  soluble  in  the  liquid  present.  Among  the  most  dangerous 
patibles  are  mixtures  of  the  chlorates  or  permanganates  with 
f  oxidizahle  substances;  hence  particular  care  must  be  exer- 
in  bringing  the  former  into  intimate  contact  with  organic 
',  so  as  to  avoid  possible  .'^rious  explosions, 
ere  are  different  conditions  under  which  chemical  incompati- 
manifests  itself,  chief  among  which  are  the  following : 
Two  salts  composed  of  different  acid  and  basic  radicals,  when 
it  together  in  a  state  of  solution,  mutually  decompose  each 
the  resulting  new  compounds  may  both  remain  in  solution, 
ich  case  no  evidence  of  decomposition  is  apparent,  and  it 
ly  seems  proper  to  consider  the  two  salts  used  as  incompatible 
each  other,  as  when  solutions  of  ammonium  chloride  and 
ium  iodide  are  mixed,  or  those  of  cupric  sulphate  and  dnc 
;.  When,  however,  one  of  the  new  compounds  is  insoluble  in 
|uid  and  is  deposited  as  a  precipitate,  true  incompatibility  has 
stablished  ;  as  in  the  case  of  a  mixture  of  solutions  of  lead 
I  and  potassium  iodide,  lead  iodide  being  precipitated.  Some- 
the  new  insoluble  compound  enters  into  union  and  solution 
ne  of  the  original  substances,  if  the  latter  is  present  in  excess, 
ch  case  the  chemical  incompatibility  of  the  original  two  sub- 
3  remains,  and  the  resolution  of  the  insoluble  compound  must 
ked  upon  as  a  new  operation.  Such  examples  are  presented 
rcuric  chlori<le  and  potassium  Iodide,  if  either  salt  is  in  excess, 
potassium  cyanide  and  silver  nitrate,  the  former  salt  being  in 

Salts  of  the  heavy  metals,  and,  In  many  instances,  al.w  those 
alkaline  earths  and  earths,  are  decomposed  by  the  alkalies  or 
carbonates,  forming  insoluble  compounds;  hence  incompatl- 
exists  between  such  salts.  As  examples  may  be  mentioned 
ric  chloride  with  potassium  hydroxide,  lime-water  with  sodium 
jnate,  calcium  chloride  with  potassium  carbonate,  and  alum 
sdium  carbonate. 

muth  subnitrate  is  frequently  prescribed  In  a  mixture  with 
1  bicarbonate,  and  almost  invariably  decomposition  takes 
resulting  in  a  more  or  less  violent  disengagement  of  carbon 
; ;  as  the  reaction  takes  place  slowly,  at  times  it  may  not 
intil  the  mixture  has  been  transferred  to  a  bottle  and  corked, 
medy  lies  either  in  using  the  bismuth  subcarbonate  in  place 


330  "  PRACTICAL  PHARMACY. 

of  the  subnitmte^  or  in  mixing  the  subnitrate  and  bicarbonate  in  a 
mortar  and  adding  a  little  boiling  water/  so  as  to  hasten  and  com- 
plete the  reaction. 

3.  When  oxidizing  agents  are  brought  into  direct  contact  with 
organic  matter  chenyfial  reaction  at  once  ensues,  which  is  often  of  a 
violent  nature,  and  is  among  the  most  important  incompatibilities 
met  with.  To  this  class  belong  the  trituration  of  potassium  chlorate 
with  sulphur,  sugar,  tannin,  or  acacia;  the  solution  of  chromic  acid 
or  potassium  permanganate  with  glycerin,  etc. 

4.  The  association  of  the  salts  of  gold  and  silver  with  oi^ic 
substances  and  other  reducing  agents  ^ives  rise  to  an  exhibition  of 
incompatibility  by  converting  the  gold  and  silver  to  the  metallic 
state,  thereby  rendering  them  less  soluble,  as,  for  instance,  when 
silver  nitrate  is  dissolved  in  rose-water  instead  of  plain  distilled 
water.  All  organic  matter  has  a  decomposing  effect  upon  the  com- 
pounds of  gold  and  silver,  but  more  particularly  glucose,  honey, 
syrup,  and  glycerin ;  hence  these  should  be  avoided  in  prescriptions. 

5.  Salts  when  brought  in  contact,  either  in  the  dry  state  or  in 
solution,  with  acids  or  bases  stronger  than  their  own  acid  or  basic 
radicals,  will  suffer  decomposition,  the  result  beine  new  oompounds 
with  the  evolution  of  the  old  acid  or  base,  as  in  the  preparation  of 
the  official  solution  of  ammonium  acetate.     The  decomposition  of 
salts  by  stronger  acids  or  bases  is  frequently  resorted  to  intention- 
ally, as  in  the  well-known  "  Neutral  Mixture,^^  made  from  lemon- 
juice  and  potassium   bicarbonate,   and  in   "  Preston   or  Smelline 
Salts/'  composed  of  ammonium  chloride  and  lime,  usually  flavored 
with  oil  of  lemon  and  oil  of  lavender.     In  the  former  case  it  is 
desired  to  keep  a  large  portion  of  the  eliminated  carbonic  acid  in 
solution,  while  in  the  latter  the  gradually  freed  ammonia  gas  is  the 
chief  object  sought. 

Whenever  carbonates  are  prescribed  with  an  acid  liquid  the  di^^- 
penser  should  allow  the  reaction  to  be  completed  beiore  corking 
the  vial,  so  that  the  greater  portion  of  the  gas  may  escape,  and 
caution  the  patient  to  keep  the  vial  in  a  cool  place  and  not  violently 
agitate  it.  If  a  viscid  or  saponaceous  liquia  is  also  to  be  aclded^ 
as  mucilage  or  syrup  of  senega,  it  is  all  the  more  important  that 
chemical  reaction  be  allowed  to  subside  before  the  addition  is  made, 
and  that  as  little  carbon  dioxide  as  possible  be  kept  in  the  solution. 

With  some  physicians,  the  following  is  a  favorite  prescription : 

B — Ammonii  Carbonatis  )  --  _. 

Ammonii  Chloridi      j **  33* 

Syrupi  Scillse     )  --a: 

Syrupi  Senega    \ "^J- 

Syrupi  Tolutani J^. 

Ft  sol. 

The  proper  way  of  mixing  these  ingredients  is  to  rub  the  salte  to 
a  fine  powder,  and  add  to  them,  while  in  the  mortary  the  syrups  of 
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land  tolu  previously  mixed,  stirriDg  the  mixture  with  the  pestle 
effervescence  ceases;  finally  add  the  eyrup  of  senega.  If  a 
itent  froth  forms  on  the  surface  of  the  liquid,  this  may  be 
:iy  dispelled  by  carefully  sprinkling  a  few  drops  of  alcohol 
it  before  the  mixture  is  tranmerred  to  a  bottle. 
□  this  class  of  incompatibilities  belong  also  the  decomposition 
precipitation  caused  in  fluidextract  of  licorice  by  acids ;  the 
principle  in  licorice  is  ammouium  glycyirhizate,  which,  upon 
ion  of  dilute  sulphuric  or  other  acid,  is  decomposed,  glycyr- 
1  being  deposited  on  the  sides  and  bottom  of  the  vessel.  Phy- 
is  sometimes  prescribe  an  acid  solution  of  quinine  together 
fluidextract  of  licorice,  in  the  hope  of  disguising  the  bitter 
overlooking  the  feet  that  the  bitter  taste  of  quinine  is  always 
sified  by  bringing  the  latter  into  solution.  As  the  intended 
of  the  licorice  is  defeated  by  the  presence  of  an  acid,  there 
t  one  course  open  to  the  pharmacist  with  prescriptions  of  this 
namely,  to  omit  the  acid,  triturate  the  quinine  with  the  fluid- 
ct  or  syrup  of  licorice,  and  dispense  the  mixture  with  a 
,ke  well  before  using"  label.  It  is  advisable  at  the  same  time 
plain  to  the  physician  what  has  been  done,  givine  the  reason 
for,  so  as  to  avoid,  if  possible,  a  repetition  of  the  blunder. 

The  salts  of  the  alkaloids  are  decomposed  by  certain  salts  of 
.Ikalies,  with  the  production  of  insoluble  or  sparingly  soluble 
ouads ;  therefore  such  combinations  require  the  special  attention 
larmacistsin  order  to  guard  i^inst  accidents.  As  a  rule,  the 
i  carbonates,  iodides,  and  bromides  are  incompatible  with 
oidal  salts,  while  the  sulphates,  nitrates,  and  chlorides  appear 
ise  no  trouble ;  hence  in  the  case  of  the  first-named  salts  the 
tions  to  shake  the  mixture  should  always  be  put  on  the  bottle, 
presence  of  a  certain  amount  of  alcohol  in  the  liquid  will 
int  the  precipitation  of  the  newly  formed  alkaloidal  salt,  a» 
be  demonstrated  in  the  following  prescription  : 

B— Stiychaitue  SiilphAtia Krj- 

Potanii  Bromidi |j, 

Aqiue  deetitlalK q.  e.  idjiv. 

Ft  Ml. 

the  solution  be  prepared  as  written,  strychnine  bromide  wilt 
lalty  be  deposited  in  colorless  crystals,  and  may  cause  serious 
»  should  the  same  be  retained  in  the  bottle  and  a  large  quan- 
e  taken  with  the  last  dose  or  two.  If,  however,  equal  volumes 
smatic  elixir  and  water  be  used  in  place  of  water  alone,  no 
ation  of  strychnine  bromide  will  occur.  At  least  12  per  cent. 
M)hol  must  be  present  in  the  solution  to  prevent  precipitation. 
1  a  few  rare  cases,  when  a  sufficient  quantity  of  solvent  is  present 
:e  up  the  alkaloid  in  its  pure  state,  it  may  be  preferable  to 
le  latter  in  place  of  its  salt,  as,  for  instance,  in  the  following 
'iption  : 
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B  — Codeine  Salphatis .   .  cr.  viij. 

PotasBii  Bromidi zj. 

Aquie  destillatse q.  s.  ot  ft.  ^7. 

Ft  sol. 

It  was  found  that  if  the  codeine  sulphate  was  used^  as  prescribed, 
a  precipitate  invariably  formed^  which  was  with  difficulty  uniformly 
suspended  by  agitation,  but  by  using  the  pure  alkaloid  codeine  in 
place  of  the  salt  a  permanently  clear  solution  was  obtained.  Mor- 
phine sulphate  is  sometimes  prescribed  in  conjunction  with  sodium 
bicarbonate,  the  result  being  a  minutely  crystalline  precipitate. 
Quinine  sulphate  and  potassium  acetate  should  not  be  associated  in 
solution,  on  account  of  the  slight  solubility  of  the  quinine  acetate, 
which  is  formed  as  a  very  bulky  precipitate,  and  may  cause  solidi* 
£cation  of  the  mixture. 

7.  Vegetable  astringents  are  incompatible  with  alkaloids,  gluco- 
sides,  albumen,  gelatin,  and  many  metallic  salts ;  in  some  cases  curdv 
precipitates  are  formed,  which  afterward  adhere  to  the  sides  of  tiie 
vessels,  while  in  other  cases  light,  readily  diffusible  precipitates  are 
obtained,  or  possibly  only  turbidity  or  discoloration  ensues.  The 
•character  of  such  a  mixture  depends  to  some  extent  upon  the  degree 
of  dilution  and  the  presence  of  other  bodies.  Quinine  and  tannin 
are  sometimes  prescribed  together,  but  should  never  be  triturated 
with  water,  as  a  tough,  insoluble  mass  would  at  once  be  formed ;  tlie 
two  substances  are  best  mixed  with  syrup  and  afterward  dilated  with 
water,  if  desired,  when  the  insoluble  quinine  tannate  can  be  readily 
suspended  by  simple  agitation.  The  formation  of  ink  depends  upon 
the  incompatibility  of  tannin  with  iron  salts,  and  is  a  fruitful  source 
of  annoyance  to  the  pharmacist.  The  value  of  strong  coffee  and 
tea  or  similar  astringent  infusions  as  antidotes  for  metallic  poisoning 
is  due  to  the  formation  of  sparingly  soluble  compounds.  Vege- 
table astringents  have  been  found  incompatible  also  with  spirit  of 
nitrous  ether,  several  explosions  have  occurred  from  mixing  the 
latter  with  the  fluidextracts  of  uva  ursi,  matico,  geranium,  ami 
«ven  gentian ;  the  gas  liberated  by  these  reactions  appeared  heavily 
charged  with  some  nitrous  compound. 

Spirit  of  nitrous  ether  unless  free  from  acidity,  which  is  rarely 
the  case  except  in  the  freshly  made  article,  is  incompatible  with 
solutions  of  alkali  iodides  and  bromides,  causing  the  lilieration  of 
iodine  and  bromine,  respectively,  as  shown  by  the  high  color  of  the 
liquid.  With  solutions  of  antipyrine  it  gives  rise  to  the  formation 
of  a  green-colored  compound,  known  as  isonitroso-antipyrine,  which, 
however,  is  not  poisonous,  as  was  formerly  believed.  Whenever 
spirit  of  nitrous  ether,  therefore,  is  to  be  dispensed  in  such  mixt- 
ures, it  should  be  first  carefully  neutralized  with  sodium  or  pota.*- 
sium  bicarbonate ;  this  will,  however,  not  prevent  the  development 
of  acid  for  all  times,  as  the  spirit  of  nitrous  ether  will  graaually 
undergo  decomposition  in  the  presence  of  water. 

The  presence  of  certain  protective  agents  has  been  known  to 


,  OP  at  least  to  modify,  chemical  decomposition  between 
substances ;  in  auch  cases  it  is,  of  course,  essential  that  the 
ctive  agent  be  mixed  with  one  of  the  Hub^tances  before  the 
is  added.  The  foUowiDg  examples  will  show  the  action  of 
rin,  acacia,  and  ayrup,  in  this  respect.  Physicians  frequently 
ribe  cocaine  hydrochloride  or  morphine  salts  in  solution, 
ler  with  borax,  which  causes  precipitation  and  thus  unfits  the 
on  for  use ;  the  addition  of  a  little  glycerin  prevents  the 
iposition.  Zinc  chloride  and  borax,  prescribed  together  in 
on,  will  cause  the  formation  of  insoluble  zinc  borate,  which  ia 
uted,  however,  by  the  presence  of  glycerin ;  strange  to  say, 
a  clear  solution  containmg  glycerin  will  bear  further  dilution 
water  only  up  to  a  certain  point,  beyond  which  precipitation 
s.  The  action  of  the  glycerin  in  the  foregoing  cases  is  not 
y  understood,  but,  reasoning  from  the  effect  of  glycerin  on 
.  alone,  it  may  be  assumed  that  a  similar  action  obtains  in  the 
ire  with  alkaloidal  and  other  salts,  the  glycerin  decomposing 
orax  by  liberating  a  part  of  the  boric  acid,  which  itaelf  is  per- 
'  compatible  with  the  salts  above  mentioned,  as  has  been  shown 
aking  the  solutions  with  boric  acid,  instead  of  borax  or  borax 
;Iycerin.  On  the  other  hand,  glycerin  may  sometimes  act  as  a 
rbing  agent  and  cause  decomposition  which  otherwise  would 
txnr.  Borax  and  sodium  bicarbonate  are  perfectly  compatible 
ueous  solution,  and  are  frequently  prescribed  together ;  if  glyc- 
be  present,  reaction  ia  set  up  by  the  boric  acid  liberated  from 
srax,  and  the  sodium  bicarbonate  is  decomposed  with  copious 
tjon  of  carbon  dioxide.  Such  a  mixture  must  be  made  in  a 
IP  and  the  reaction  allowed  to  subside  before  bottling  it. 
>rrosive  mercuric  chloride  and  lime-water  are  known  t^  be 
ijBtible,  but  are  often  ordered  together,  with  the  view  of  utiliz- 
le  freshly  formed  yellow  mercuric  oxide  in  moist  condition  ^ 
iric  chloride  will  also  precipitate  acacia  from  a  strong  solution, 
f  a  dilute  solution  of  mercuric  chloride  be  added  to  mucilage 
icia  and  subsequently  mixed  with  lime-water,  no  precipitate 
ver  will  occur  for  several  days,  when  finally  a  grayish  deposit 
ely  divided  metallic  mercury  or  niercurous  oxide  ia  formed. 
1  a  physician  orders  such  a  combination  as  mercuric  chloride, 
,  mucilage  of  acacia,  and  lime-water,  the  object  is  jilainly  to 
the  mercuric  oxide  better  suspended,  and  the  mixture  should 
de  by  adding  the  mucilage  last  of  all,  after  decomposition  of 
ercuric  chloride  has  been  com])leted. 

lemical  incompatibility  may  result  in  rendering  a  mixture  less 
,  or  even  inert,  from  the  formation  of  insoluble  compounds, 
en  tartar  emetic  is  ordered  in  combination  with  syrup  of  wild 
',  or  tincture  of  digitalis  with  tincture  of  cinnamon,  etc. ;  on 
her  hand,  the  medicinal  activity  of  the  mixture  may  be  inten- 
by  the  formation  of  poisonous  compounds,  as  in  the  case  of 
rous  iodide  with  soluble  iodides,  producing  mercuric  iodide 
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and  metallic  mercury^  or  the  association  of  calomel  with  soluble 
<;blorides  or  iodides,  etc.  In  all  such  cases  the  pharmacist  should 
<x)nsult  the  prescriber  and  acquaint  him  with  the  prospective 
results. 

A  well-marked  case  of  double  incompatibility^  both  physical  and 
•chemical,  is  exhibited  in  the  following  prescription  : 

B— Zinci  Sulphatis 0.650  Gm. 

Mucilannis  Acacie 30.0     Gc 

Aquae  destillats 90.0     Gc 

Liq.  Pluiubi  Sabacetatis 4.0     Cc.— M. 

It  is  very  evident  that  decomposition  between  the  zinc  and  lead 
salts  is  desired,  but  the  incomjpatibility  existing  between  the  muci- 
lage  of  acacia  and  solution  of  lead  subacetate  must  be  overcome, 
^nd  this  can  be  done  eflTectually  by  following  a  certain  order  of 
mixing.  The  zinc  sulphate  should  be  dissolved  in  the  water  and 
the  solution  of  lead  subicetate  then  added,  which  will  cause  a  pre- 
cipitate of  lead  sulphate  to  form ;  to  this  mixture  the  mucilage  of 
acacia  is  added  and  the  whole  shaken — no  precipitation  of  gum  will 
occur,  and  the  newly  formed  lead  salt  will  remain  well  suspended. 

It  must  not  be  supposed,  however,  that  because  precipitation 
occurs  as  a  result  of  chemical  incompatibility  the  mixture  is  always 
rendered  inert  thereby ;  the  decomposition  is  often  intentional  with 
a  view  to  obtaining  the  insoluble  compound  in  a  freshly  formed  and 
more  active  condition.  Such  instances  are  found  in  the  well-known 
"  black  wash  "  and  "  yellow  wash  "  (prepared  from  lime  water  with 
•calomel  and  corix)sive  sublimate,  respectively),  in  the  mixture  of 
solutions  of  tannin  and  of  lead  subacetate,  which  produce  a  magma- 
iike  precipitate  of  lead  tannate,  and  in  the  frequently  prescribed 
mixture  of  zinc  sulphate  with  a  solution  of  lead  acetate^  giving  the 
freshly  precipitated  lead  sulphate,  which  is  much  preferred.  The 
official  compound  iron  mixture  is  another  instance  of  intentional 
decomposition,  the  newly  formed  ferrous  carbonate  being  the  object 
sought.  It  requires  no  little  judgment  on  the  part  of  the  pharma- 
cist to  discern  when  the  prescriber  intentionally  orders  chemically 
incompatible  substances  together,  or  when  this  happens  from  a  want 
of  familiarity  with  chemical  reactions. 

Therapeutic  Uicompatibility  depends  entirely  upon  the  antago- 
nism existing  between  drugs  in  regard  to  their  physiological  effect 
or  medical  action,  and  does  not  properly  belong  to  the  domain  of 
pharmacy;  the  remedy  for  such  a  condition  lies  solely  in  the  hands 
of  the  physician,  who  is  supposed  to  be  familiar  with  the  require- 
ments of  his  patients  and  the  therapeutic  action  of  drugs.  Some- 
times the  intended  medicinal  effect  of  a  substance  is  destroyed  by 
chemical  action,  as  when  ammonium  carbonate  is  asociated  with 
syrup  of  squill ;  this,  however,  cannot  be  considered  as  a  thera- 
peutic incompatibility. 

While  it  is  well  understood  in  prescription  practice  that  solutions 


1  always  be  filtered  through   a   pledget  of  cotton  placed  in 

roat  of  a  funnel  to  remove  motes  and  specks,  the  rule  should 

revail  in  dispensing  mixtures  that   the   mixture  be  strained 

;h  moderately  coarse  bolting-cloth,  in  order 

le  insoluble  matter  be  free  from  lumps  and  Fro-  218. 

uniformly   divided  state;  the   straining  is 

ccomplished  by  placing   the    bolting-cloth 

m  the  upper  and  lower  parts  of  a  mbber  or 

unel,  as  shown  in  Fig.  218,  which  can  be 

(d  directly  into  the  prescription  vial. 

e  subject  of  incompatibility  is  practically 

iless  one,  and   the  reader  is  referred  for 

r  detailed  information  to  two  books   that 

I  be  in  every  pharmacist's  librarj-,  namely, 

man's  Incompatibilities  in  Prescriptions  and 

le's  Art  of  Compounding.     The  following 

iry  will,  to  some  extent,  aid  the  dispenser 

ermining  the  character  of  numerous  mixt- 

it  must  be  borne  in   mind,  however,  as  stated    before,  that 

1  incomptatibles  produce  inert  or  poisonous  comjwunds,  and 

rhile  in   many  cases  the  incompatibility  can   be  overcome  by 

)riate    means,   physicians   frequently   associate    incompatible 

nces  for  a  specific  purpose. 


dromic 


Sdmmahy  op  ItJcoMPATiBiLinffi.     (After  Haoeb.) 

trith  ferric  chloride,  alcohol,  boiu,  lead  salts,  and 
ethereal  tincturea. 
■ral  "    alkalies,  alkaline  fluids,  acetates,  and  metallic 

ua  "    lime-water,  toagneua,  and  oxides  of  iron. 

"  potaasinm  permaDganate,  iodine,  bromine, 
canstic  alkalies,  and  iron  salts. 

"  glycerin,  alcohol,  elher,  eneatial  oik,  and 
organic  matter  in  general. 

"  alkaloidnl  salts,  drv  iicids,  iodine,  sulphur,  and 
organic nalts.  (Thetieincompatibilitiesestend 
also  to  the  salts  of  picric  acid.) 

"  potassium  permanganate,  Iron  Ha1ts,llme-water, 
potnssium  iodide,  and  soap.  (These  incom- 
patibilities extend  also  to  the  salts  of  sali- 
cylic acid.)     Alkali' salicylBtCHnJll  darken 


mucilages,  tiirtar  emetic,  silver  nitrate,  metal- 
lic salts  in  ijeneral,  alkaloids  and  their  salts, 

bonales  and  bioarlionBtes,  albumen,  gelatin, 

and  chlorine  water. 
'    mineral  acids,  alcohol,  mercuric  chloride,  and 

vegetable  astringents. 
'    borax,  tannin,  and   all  vegetable  astringents, 

alkali  carbonates,  the  permanganates,  iodides, 

liquorice,  strong  mucilages,  i 

bonate,  and  alkaline  tinctures. 
'    alkalies  and  alkali  carbonutes. 
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Ammonium  Acetate     1 
Ammonium  Bromide   j 

Ammonium  Chloride  ) 
Ammonium  Phosphate  / 
Amyl  Nitrite 

Antimony,  Sulphurated 
Antipyrine 

Apomorphine  Hydrochloride 
Barium  Chloride 

Bismuth  Subnitrate 
Calcium  Chloride 
Calcium  Hypophoephite 

Calomel  (Mercarous  Chloride) 


Chloral  Hydrate 


Chlorine  Water 


Corrosive^blimate  (Meicaric 
Chloride) 

Digitalis 

Iodine 


Iodoform 


Iron,  Keduced 
Iron  Salts 


i< 


a 


u 


u 


a 


u 


u 
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with  mineral  acids,  alkali  carbonates,  chlorine,  potas- 
sium chlorate  and  dichromate,  silver  nitrate, 
mercurous  chloride  and  nitrate. 

'*  .cai;bouates  of  the  alkalies  and  earths. 

**  alcohol,  tinctures  in  general,  alkali  carbonates, 
calomel,  lead  salts,  potassium  iodide,  the 
bromides  and  ferrous  salts. 

sodium  bicarbonate,  potassium  bitaitnte,  bis- 
muth subnitrate  and  calomeL 

sodium  salicylate  (dry),  calomel,  chloral  hy- 
drate, and  spirit  of  nitrous  ether  if  add. 

sodium  carbonate  and  bicarbonate,  iodine,  tan- 
nin, and  iron  salts. 

sulphuric  and  phosphoric  acids  and  their  nits, 
carbonates,  tartrates,  vegetable  infusiooa  and 
medidnid  wines. 

calomel,  tannin,  sulphur,  and  antimoay  inl- 
phide. 

calomel,  sulphates,  phosphates,  tartrates  and 
carbonates. 

potassium  chlorate,  iodide^  and  permai^ganate; 
also  chlorinated  lime.  (These  incompati* 
bilities  extend  to  all  hypophosphitea.) 

adds,  acid  salts,  alkali  carbonates,  lime-water, 
ammonium  chloride,  iodin^  potassiaffl  io- 
dide, ferrous  chloride  and  iooide,  solpbnr, 
bitter-almond  water,  cherry-laurel  water, 
antimony  sulphide,  and  antipyrine. 

water  (slow  decomposition  ),  warm  water,  alkali 
carbonates  and  organic  salts,  calomel,  pot«- 
sium  cyanide,  antipyrine,  salts  of  ammo- 
nium, mercurous  nitrate,  permansanaieB^ 
alcohol,  tinctures  in  general,  bromioes  and 
iodides. 

alkalies  and  their  carbonates,  aimmonium  saltB, 
salts  of  the  organic  acids,  lead  salts,  silver 
nitrate,  mncila^es,  tannin,  extracts,  tinotores, 
infusions,  emulsions  and  milk. 

lime-water,  soap^  iodine,  opium,  potassom 
iodide,  organic  acids,  tannin,  and  alkali  ca^ 
bonates. 

tannin,  lead  acetate,  iodine,  potassium  iodide, 
iron  salts,  and  alkali  carbonates. 

ammonia,  starch,  metallic  salts,  £ittT  and  Tola> 
tile  oils,  emulsions,  carbolic  acid,^  chloral 
hydrate,  acacia,  tragacanth,  magnesium  car 
bonate,  and  sodium  thioeulphate  (hypooil- 
phite). 

silver  and  other  nitrates,  potassium  cblorate, 
nitrites,  and  mineral  acids.  (The  modifica- 
tion or  destruction  of  the  .odor  of  iodofiMT" 
by  the  following  substances  points  to  inocMn- 
patibility :  tannin,  Pern  balsam,  tincture  of 
myrrh,  naphtalene,  ciimarin,  and  the  vola- 
tile oils  of  anise,  ber^amot,  fennel,  pepper- 
mint and  turpentine. ) 

aloes,  tannin,  infusions,  extracts,  metallic  and 
alkaloidiil  salts. 

alkali  carbonates  and  bicarbonate^  mncilac<«. 
tannin,    infusions,    extracts  and 
tinctures. 


cc 


« 
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]  chloride,  alum, 

I  iodide,  iodine,  amcia,  IrsgacBDth, 
in,  carbonules  and  sulplintes,   and  aul- 

fiharic  and  bydrocliloric  acids.  (Normal 
esd  acetate  is  compatible  with  macilage  of 
acacia,  but  the  basic  or  subacelate  caoaes 
precipiuies,  even  in  minute  quantities.) 
ammonium  chloride,  sulphur,  tannin,  metallic 
BUlphideB,  giyceiin,  volatile  oils  and  fatty 
aubetancea. 
acida,  ammonium  salts,  carbonatea,  tarln>le<v 
metallic  salta,  tannin,  infuuonH  and  many 

the  sails  of  iron,  mangaoese  tud  ulver,  potas- 
sium chlorate  and  permanganate,  nitriUA 
and  nitrates,  carbonates  of  the  alkaliee  and 
the  earths,  amjl  nitrite  and  biUe]>Blmra]d 


,    ei^t    and     metallic 


salta. 

alkali  carbonates,  tannin,  metallic  salts,  iodine, 
chlorine-water,  and  the  preparations  of  dux 
vomica  and  belladonna. 
'    alkaline  aubetances,  alcohol  and   tincturee  in 

mineral  acids,  chlorine- water,  and  the  salts  of 

mercur;  and  silrer. 

'    mineral  atads,  tannin,  catediu,  sulphur, .  char~ 

coal,  calomel,  sulphites,  ferroos  sails,  nitrites, 

U;poplioepbil««,  sugar,  boney  and  vegetable 

'    acids  and  add  salts,   alkaloidal   sails,   silver 
nitrate,    ferric   salts,    potassium   chlorate, 

spirit  of  nitrous  ether  (if  acid)  and  salts  of 
lead  and  mercury. 
'    folt;  and  volatile  oiU,  alcohol,  glycerin,  am- 
monia and  ammonium  salts,  alkaloids,  sul- 
phur,  charcoal   and   organic  substances   in 

'  hydrochloric,  sulphuric,  acetic,  and  tartaric 
acids  and  their  salts,  hydrocyanic  acid, 
iodine,  polaesium  iodide  and  bromide,  anti- 
mony, carbonates  of  the  earths  and  astrin- 
gent tinctures, 
acids  and  acid  salts,  tannin,  metallic  and  alka- 
loidal salts, 
acids  and  alkalies,  calomel,  tannin,  soap,  acacia, 
opium  and  vegetable  astringents. 


Europe,  effervescing  mixtures  are  often  prescribed  under  tlie 
"Saturations,"  which  are  made  by  adding  to  lemon-juiee, 
,r,  or  tartaric  or  citric  acid  solution,  sufficient  of  an  alkali  car- 
'  to  produce  a  neutral  or  nearly  neutral  salt,  the  liquid  retain- 
solution  a  large  portion  of  the  carbon  dioxide  evolved,  which 
naterially  to  the  refre.shing  taste  of  the  mixture.  In  thp 
iacop«Eia  will  be  found  a  complete  table  of  the  quantity  of 
nt  alkalies  and  alkali  carbonates  necessary  to  neutralize  lOO 
■f  the  various  official  acids. 
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THE  OFFICIAL  MIXTURES. 

Of  the  4  preparations  rec(^nized  as  mixtures  in  the  Pharmaco- 
poeia^ only  2  are  fit  to  be  kept  on  hand  for  several  days  or  longer  in 
warm  weather ;  the  other  2  should  be  freshly  made  when  needed, 
owing  to  their  rapid  deterioration. 

Table  of  the  Official  Mixtures. 

Latin  Name.  English  Name.  Proportion  of  Ingredients. 

{Comp.  Chalk  Powder  200  Gm^  Qn- 
namon-water  400  Cc.,  Water  suffi- 
cient to  make  1000  Cc 
r  Ferrous  Sulphate  in  crystals  6  Gm., 
M«*«ra    Ferri    Com- 1  Compound   I..n.^ 

P^^^ I     fith's  Mixture)  . 


"s*p.^UT"-.  n^^  i 


(Brown  Mixture) 


Mi^u^RheietSod.     ^SS-'aadU"!- 


Myrrh  IS  Gm.,  Sugar  18  Gul, 
Potassium  Carbonate  8  Gul,  Spirit 
of  Lavender  60  Cc,  Rose  Water 
sufficient  to  make  1000  Cc 

Pure  Extract  of  Gljcyrrhiza  30  Gm., 
Granulated  Acacia  30  Gm.,  Syrup 
50  Cc,  Camphorated  Tincture  of 
Opium  120  Cc,  Wine  of  Antimonr 
00  Cc,  Spirit  of  Nitrous  Ether  30 
Cc,  Water  sufficient  to  make  1000 
Cc 

Sodium  Bicarbonate  35  Gm.,  Fluid- 
extract  of  Rhubarb  15  Cc,  Fluid- 
extract  of  Ipecac  3  Cc,  Gl^rin 
350  Cc,  Spirit  of  Peppermint  35 
Cc,  Water  sufficient  to  make  1000 
Cc 


Special  Remarks. 

Ohalk  BDztnre. — ^The  compound  chalk  powder  directed  for  this 
preparation  is  the  official  powaer  composed  of  3  parts  of  prepared 
chalk,  2  parts  of  acacia,  and  5  parts  of  sugar,  the  insoluble  chalk 
being  kept  in  suspension  by  the  gum  and  sugar  in  solution.  Pre- 
cipitated calcium  carbonate  must  not  be  usea  in  making  this  mixt- 
ure, as  it  is  crystalline  and  does  not  make  so  smooth  a  preparation, 
nor  remain  so  perfectly  in  suspension  as  the  prepared  chalk.  Chalk 
mixture  should  be  made  in  small  quantities  and  kept  in  a  cold 
place. 

Oompoimd  Iron  Mixture. — The  preparation  of  this  mixture 

S resents  no  difficulty  if  good  tears  of  myrrh  be  selected  and  the 
irections  strictly  followed.  The  first  step  is  to  triturate  the 
myrrh,  sugar,  ana  potassium  carbonate  with  700  Cc.  of  rose  watei, 
gradually  added  so  that  a  uniform  emulsion  may  result  This  is 
transferred  to  a  bottle,  the  spirit  of  lavender  is  next  added,  then 
the  ferrous  sulphate  dissolved  in  50  Cc.  of  rose  water,  and  finally 
sufficient  rose  water  to  bring  the  volume  up  to  1000  Cc.  The  reac- 
tion between  the  potassium  and  iron  salts  results  in  the  formation 
of  ferrous  carbonate  and  potassium  sulphate ;  the  former  separates 
as  a  greenish  precipitate  gradually  darkening  in  color,  while  the 
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latter  remains  in  solution.  The  sugar  is  added  to  prevent  oxidation 
of  the  iron  compound,  which  it  does  to  some  extent ;  but  unless  the 
mixture  be  kept  in  filled  and  well-corked  bottles  it  soon  changes, 
and  hence  it  should  be  freshly  made  when  wanted.  The  spirit  of 
lavender  ordered  is  the  official  alcoholic  solution  of  lavender  oil, 
and  must  not  be  confounded  with  compound  tincture  of  lavender, 
known  to  many  simply  as  spirit  of  lavender ;  the  latter  would  form 
an  ioky  mixture  with  the  iron  compound  present. 

Compomid  Mixture  of  Olycjrrrhiza,  or  Oompoimd  Licorice 

Mixture. — This  well-known  preparation,  popularly  called  Brown 
Mixture,  is  made  by  dissolving  the  pure  extract  of  licorice  and 
acacia  in  600  Cc.  of  water  and  then  adding  the  other  ingre- 
dients in  the  order  named  in  the  formula,  the  required  volume  of 
finished  product  being  obtained  by  the  addition  of  sufficient  water. 
The  resulting  mixture  is  rather  an  unsightly  preparation,  and  not 
in  keeping  with  modem  elegant  pharmacy ;  it  may  be  improved  in 
appearance  by  setting  it  aside  K)r  a  couple  of  days  with  frequent 
agitation,  then  adding  some  paper  pulp  and  filtering.  The  formula 
suggested  by  Charles  Tilyard,  in  1860,  yields  an  equally  efficient 
and  far  handsomer  preparation  ;  it  prescribes  a  larger  proportion  of 
sugar  (by  no  means  a  aisad vantage),  and  can  be  improved  still  fur- 
ther by  the  use  of  purified  extract  of  licorice,  as  now  ordered  by 
the  Pharmacopoeia.  The  formula,  as  modified  and  adapted  to  the 
proportions  of  the  Pharmacopoeia,  is  as  follows :  Dissolve  30  Gm. 
of  pure  extract  of  licorice  in  300  Cc.  of  water :  add  120  Cc.  of  cam- 
phorated tincture  of  opium,  60  Cc.  of  antimonial  wine,  and  30  Cc. 
of  spirit  of  nitrous  ether,  and  set  the  mixture  aside  for  twelve  or 
twenty-four  hours,  with  occasional  agitation  ;  filter  the  liquid  into  a 
hottle  containing  30  Gm.  of  granulated  acacia  and  600  Gm.  of 
granulated  sugar,  and  wash  the  filter  with  sufficient  water  to  brine 
the  volume  of  the  finished  product  up  to  1000  Cc.  The  sugar  and 
acacia  are  readily  dissolvcnl  by  agitiation,  the  result  being  a  thin, 
rich-looking,  clear  syrup  which  keeps  admirably. 

Mixture  of  Rhubarb  and  Soda. — Ordinarily,  when  fluidextract 
of  rhubarb  is  mixed  with  water,  copious  precipitation  of  resinous  and 
extractive  matter  at  once  ensues ;  but  this  is  prevented  in  the  offi- 
cial mixture  by  the  alkali  bicarbonate,  and  the  solution  is  preserved 
l\v  the  glycerin  subsequently  added.  It  keeps  quit«  well,  but  is  not 
often  prescribed. 
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PILLS. 

Pills  are  a  very  convenient  mode  of  administering  medicines, 
the  chief  advantages  lying  in  the  small  bulk  to  which  the  mediciDe 
is  reduced  and  the  almost  complete  disguise  of  bitter  and  nauseous 
remedies,  by  reason  of  their  being  swallowed  without  previous  ma'^ 
tication.     Pills  are  admirably  adapted    for  the  administration  of 
heavy  metallic  substances  not  readily  suspended  in  liquids,  and  also 
in  cases  in  which  the  action  of  the  medicine  is  to  be  slow,  or  even 
retarded  until  it  reaches  the  lower  bowel.     The  usual  shape  given 
to  pills  is  that  of  a  sphere  or  globe,  although  an  ovoid  shape  is  also 
sometimes  used,  and,  in  a  few  cases,  even  the  lenticular  shaj^  i^ 
preferred.     Their   weight  ranges   from  less  than  0.06  Gm.  to  0.3 
Gm.  (1  gr.  to  5  gr.)  for  vegetable  substances,  or  about  0.5  or  0.6 
Gm.  (8  to  10  grains)  for  heavy  mineral  compounds ;  if  a  pill  exceeds 
this  weight,  it  is  called  a  boliLS.     Boluses  are  occasionally  inade 
weighing  1.3  or  2.0  Gm.  (20  or  30  grains)  each,  and  are  often  of  a 
softer  consistence  than  pills.     Very  small  pilla  coated  with  sugar 
are  called  qramdes. 

Although  of  late  years  the  extemporaneous  preparation  of  pn'* 
has  materially  decreased,  and  in  some  localities  is  almost  unknown, 
the  operation  must  yet  be  considered  one  of  the  most  important 
pharmaceutical  manipulations,  and  is  deserving  of  a  lengthy  diaciir 
sion,  because  the  opportunities  for  a  practical  acquaintance  with  the 
details  of  the  work  are  growing  less  day  by  day,  owing  to  the  untir- 
ing efforts  of  manufacturers  to  induce  physicians  to  specify  factoir- 
made  pills  in  their  prescriptions. 

The  most  important  step  in  the  preparation  of  pills  is  the  forma- 
tion of  a  proper  mass,  which  should  consist  of  a  paste  sufficiently 
plastic  to  admit  of  being  moulded  without  adhering  to  the  moulJ. 
yet  firm  enough  to  prevent  the  pills  from  losing  their  original 
shape.  Although  a  firm  consistence  should  characterize  every  we^^ 
made  pill-masd,  its  ready  disintegration  and  solution  in  the  flni^ 
of  the  stomach  and  bowels  are  of  paramount  importance,  and  it  i^ 
essential  so  to  unite  the  ingredients  of  a  pill-mass  that  ready  sepa- 
ration in  the  stomach  may  be  assured,  elasticity  is  that  peculiar 
condition  in  which  adhesiveness  and  firmness  are  properly  balaDft>l : 
the  former  of  these  properties  is  due  to  a  partial  soffaiess,  whioii 
enables  the  particles  of  the  mass  to  adhei*e  to  one  anothex,  tha- 
imparting  tenacity  to  the  whole.     Some  substances  possess  thisadbe- 
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ss  in  themselves,  but  require  the  addition  of  a  liquid — water  or 
1 — in  order  to  develop  it;  aa,  for  instance,  gums  and  resinous 
Other  substances  possens  no  inherent  aahesive  properties, 
such  cases  it  becomes  necessary  to  impart  tenacity  to  them 
;  addition  of  some  adhesive  liquid  or  solid  material ;  such 
Dces  are  camphor,  calomel,  bismuth  salts,  some  saline  or  vege- 
wwders,  reduced  iron,  and  the  like.  Firmness  in  a  pill-mass 
ssential  as  adhesiveness,  and  while  the  latter  is  brought  about 
tate  of  partial  solution  or  fluidity,  yet,  inversely,  the  insol- 
'  of  some  particles  is  necessary  for  the  required  firmness, 
ibstances  added  to  pill-masses  as  adhesive  or  aosorbent  agents 
own  as  excipients,  and  must  be  employed  judiciously,  bo  that 
Qstituents  oi  the  mass  be  not  modified  in  their  action  nor  the 
innecessarily  increased.  After  each  addition  the  mass  should 
11  kneaded,  which,  itself  having  a  softening  influence  by 
of  the  heat  generated,  enables  the  opei'ator  to  judge  of  the 
ion  of  the  mixture.  Whenever  possible,  all  constituents  of  a 
isB  should  be  reduced  to  very  fine  powder  before  the  addition 
'  excipient,  as  only  in  this  condition  can  tlie  homogeneity  of 
iss,  as  well  as  the  subsequent  accurate  division  of  doses,  be 
1.  Small  quantities  of  potent  remedies,  such  as  alkaloids, 
ic  extracts,  toxic  chemicals,  etc.,  are  preferably  triturated  with 
i  sugar  of  milk  before  mixing  them  with  the  other  jngre- 
to  &cilitate  uniform  distribution. 

henever  substances  are  ordered  in  a  pill-mass  in  quantities 
it  is  impossible  or  inconvenient  to  weigh  accurately,  as,  for 
%,  aconitine  0.004  Gm.,  digitalin  0.012  Gm.,  atropine  suU 
0.020  Gm.,  veratrine  A  grain,  strychnine  ^  grain,  morphine 
te  ^  grain,  etc.,  a  dilution  of  the  substance  ^ould  be  made 
igar  of  milk  in  such  proportions  that  a  conveniently  weigh- 
uantity  shall  contain  tne  desired  amount  of  the  active 
ient.  ,  Thus,  if  0.004  Gra.  of  any  substance  is  wanted,  care- 
riturate  0,050  Gm.  of  the  substance  with  0.460  Gm.  of  sugar 
k  (or  0.100  with  0.900  Gm.  if  more  convenient);  each  0.010 
'  the  mixture  will  then  contain  ^  of  0,050,  or  0.001  Gm.  of 
(licinal  agent,  and  hence  0.040  Gm.  will  contain  0.004  Gm.,  or 
3m.  will  contain  0.012  Gm.,  or  0.200  Gm.  will  contain  0.020 
tc.  If  Jj  of  a  grain  of  any  substance  is  needed,  triturate  A 
if  it  with  11^  grains  of  sugar  of  milk  (or  1  grain  with  23 
if  more  convenient),  and  each  grain  of  the  mixture  will  con- 
grain  of  the  active  ingredient,  or  1^  grains  will  contain  ^ 
jr  2  grains  will  contain  -^  grain,  or  3  grains  will  contain 
,  or  4  grains  will  contain  ^  grain,  or  6  grains  will  contain  J 
stc.  In  a  similar  manner  other  dilutions  may  be  made  to 
A  different  number  of  milligrammes  or  different  fractions  of  a 

-masses  should  always  be  made,  according  to  the  nature  of 
js,  either  in  iron  or  Wedgewood  mortars,  of  the  shape  shown 
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in  Figs.  219  and  220,  and  the  mixture  should  be  frequently  Bcraped 
from  the  pestle  and  the  sides  of  the  mortar  with  a  stiGT  spatula  w 
as  to  bring  all  partioles  repeatedly  under  the  pestle.  TritnrstioB 
by  means  of  a  pestle  is  essential  to  produce  a  uniform  mixture 
of  the  ingredients;  and,  moreover,  it  will  be  found  that  a  mass 
can  be  formed  in  less  time,  with  less  excipient  and  less  labor,  ia  & 
mortar  than  on  a  pill-tile.  Veir  simple  combinations,  such  as 
blue  mass  and  extract  of  colocyntli,  etc,  ouy  be  effected  on  the 


Seatlonal  rlew  of  itroperlf  ihaped  pill  mortan. 

pill-tile;  but  for  all  substances  requiring  uniform  blending  of  fiM 
powders,  and  similar  cases,  the  use  of  the  tile  is  to  be  oondeDuied. 
Unfortunately,  the  miaase  of  the  pill-tile  is  a  characteristic  of 
many  American  pharmacists.  One  rule  should  be  strictly  observed 
in  making  every  pill-mass,  namely :  Never  use  the  epaivia  irtft 
wAtcA  the  VMM  it  aeraped  doom  far  taking  excipient  from  its  «w 
tain^. 

latgQ  quantities  of  pill-raasses  which  cannot  be  conveniently 
handled  in  a  mortar  ar6  best  made  in  a  special  apparatus  known  a-* 
a  pill-raixer,  operated  by  either  hand  or  steam-power.  As  a  role, 
these  kneading  machines  consist  of  smooth  iron  rollers  (for  while 
pill-masses  hard-wood  rollers  are  generally  used),  which  revolve  in 
opposite  directions,  some  being  so  oonstructea  that  thev  can  be 
heated,  if  necessary,  by  passing  steam  through  them,  ifhe  ingre- 
dients for  the  mass  are  first  roughly  mixed  iu  a  basin  or  tank  anJ 
then  repeatedly  passefl  between  the  rollers  until  a  uniform  mixtare 
has  been  produced.  In  Figs.  221  and  222  are  shown  two  sises  of 
iron  mixers  for  pill-ma-sses,  made  by  J.  H.  Day  &  Co.,  of  Cincin- 
nati, the  smaller  one  having  a  capacitv  of  3  pounds  and  the  \aipT 
of  30  pounds.  The  tanks  are  porcelain  lined,  and  the  comigatRl 
rollers  or  mixers  are  galvanized.  As  shown  in  the  illustrations,  the 
machines  are  easily  opened  and  taken  apart  for  cleaning  purpo^e?- 
While  mixing  a  mass  the  rollers  turn  toward  each  other,  and  while 
emptying,   from   each   other.      The    finished   mass   can    be  easily 
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ved  by  tilting  the  machine  and  at  the  same  time  causing  the 
rs  to  revolve  slowly  in  a  reverse  direction, 
xcipients. — It  being  impossible  to  select  one  single  substance 
1  excipient  suitable  for  all  pill-masses,  owing  to  the  variable 
ertiee  of  drugs  and  the  many  different  combinations  ordered  by 
iciana,  it  is  essential 

the  pharmacist  be  Fio.  222. 

liar  with  the  pecu- 
ies  of  each  excipi- 
in  order  to  use  the 
intelligently  and 
ntageously.  £x- 
ute  for  pill-masses 

be    divided    into 

distinct  classes,  as 
ra: 

Those   which   are 


machtoe  RirmlxlnB  pill'  Finrer  muhlDe  for  mixing  piU-muM*. 

led  to  develop  adhesiveness,  and  hence  act  as  solvents.  To 
ilass  belong  water,  alcohol,  diluted  alcohol,  glycerin,  and  a 
ire  of  glycerin  and  water. 

Those  which  are  intended  to  impart  adhesiveness ;  these  may 
lid,  semifluid,  or  solid.  To  this  class  belong  syrup,  glucose, 
',  mucilage  and  syrup  of  acacia,  mucilage  of  tragacanth,  glyc- 
yi  starch,  acacia  with  glucose  or  honey,  tragacanth  with  glyc- 
ioap  with  water  or  diluted  alcohol,  extract  of  malt,  confection 
le,  manna  and  powdered  elm-bark  mixed  with  tragacanth  ;  the 
amed  requires  the  addition  of  syrup  or  glycerin  and  water. 

Those  which  are  intended   to  act  simply  as  absorbents  of 

live  moisture  and,  in  a  few  cases,  impart  adhesiveaess  to  the 

at  the  same  time.     To  this  class  belong  powdered  liquorice 

soap  and  liquorice  root,  calcium  phosphate,   powdered  orris 

wwdered  tr^acanth,  powdered  elm-bark,  starch,  and  powdered 

mallow. 

le  first  class,  solvents,  are  employed  in  many  cases  in  which 
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physicians  order  vegetable  powders  in  connection  with  soap  or  solid 
extracts,  the  latter  in  insufficient  quantity  to  form  a  good  mass. 
Solvents  must  be  added  to  pill-masses  with  great  care,  especially 
when  water  or  glycerin  is  used  with  soap  or  extracts;  by  adding 
the  fluid  in  drops  and  working  the  mass  well  after  each  addition, 
the  required  consistence  will  soon  be  developed,  and  a  firm  jet 
plastic  mass  be  obtained,  while  an  excess  of  moisture  causes  a  soft- 
ening of  the  mass,  which  frequently  increases,  and  prevents  the 
formation  of  perfect  pills,  besides  requiring  the  addition  of  absorb- 
ent powders,  which  add  to  the  bulk  of  the  mass. 

The  second  class,  adhesive  excipients,  are  more  extensively  used 
than  any  other,  because  the  majori^  of  substances  prescribed  in 
pill  form  do  not  possess  inherent  aahesive  properties,  or  at  least 
insufficiently,  for  properly  massing  the  ingredients.  Mucilage  and 
syrup  of  acacia  are  the  least  desirable  of  the  class,  unless  the  pills 
are  n>r  immediate  use,  as  pills  made  with  acacia  are  prone  in  time 
to  become  very  hard;  the  addition  of  glycerin,  however,  obviates 
the.  difficulty.  Syrup  or  glucose  is  usually  preferred  to  water  for 
massing  v^etable  powders,  in  the  absence  of  soap  or  solid  extracts. 
Tragacanth  with  glycerin  can  be  most  conveniently  used  in  the 
form  of  a  jelly,  made  by  triturating  85  grains  of  powdered  traga- 
canth with  6  fluidrachms  of  glycerin  and  1  fluidrachm  of  water;  it 
is  an  excellent  excipient  for  the  salts  of  quinine,  salol,  acetanilid, 
sodium  salicylate,  iodoform,  calcium  sulphide,  and  also  gallic  and 
tannic  acids;  but  for  cinchonidine  sulphate  or  salicylate,  acacia 
with  glucose  or  honey  is  preferable.  Soap  with  water  or  diluted 
alcohol  is  the  best  excipent  for  aloes,  rhubarb,  and  the  various 
gum-resins;  it  cannot,  however,  be  used  with  soluble  metallic  salts^ 
as  those  of  iron,  lead,  copper,  etc.,  owing  to  the  formation,  bj 
mutual  decomposition,  of  metallic  oleates,  which  cause  the  mass  to 
crumble. 

The  necessary  precaution  regarding  the  use  of  water  in  conjunc- 
tion with  soap  has  been  mentioned  aoove ;  an  excess  of  the  former 
invariably  causes  trouble.  Manna  is  very  desirable  for  massing 
reduced  iron  or  manganese  dioxide  when  these  are  prescribed  alone. 
Extract  of  malt  is  very  similar  to  glucose  in  its  applicability,  but 
can  be  used  only  for  dark-colored  masses.  Confection  of  rose,  at 
one  time  much  esteemed  as  an  excipient  for  mixtures  of  v^table 
powders  and  metallic  salts,  has  now  almost  gone  out  of  use.  For 
the  valerianates  of  iron,  quinine,  or  zinc,  no  better  excipient  can  he 
used  than  acacia  and  alcohol  in  the  following  proportions :  Iron, 
quinine,  or  zinc  valerianate,  30  grs. ;  powdered  acacia,  10  grs. ;  alcohol, 
•5  minims.  Camphor  and  monobromated  camphor  can  be  made 
into  very  satisfactory  pill-masses  by  the  addition  of  soap  and  oil 
of  sweet  almond  or  castor  oil ;  about  1  grain  of  soap  and  2  drops 
of  oil  will  be  sufficient  for  12  grains  of  camphor. 

As  an  excellent  adhesive  agent  for  heavy  metallic  salts,  such  as 
bismuth  subnitrate  or  calomel,  as  well  as  for  the  scale  salts  of  iron 
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Hiblesome  combinations  like  capicuni,  camphor,  and   lead 

Mattison's  excipient  powder  will  be  found  very  aerviceable; 
sts  of  I  part  01  powdered  tragacanth  and  7  parts  of  finely 
ed  (No,  80)  elm-bark.  Only  a  very  small  proportion  of 
fvder  is  required,  thus :  3  grains  for  60  grains  of  bismuth 
ite,  calomel,  cerium  oxalate,  iron  by  hydrogen,  or  equal  parte 
phor  and  lead  acetate ;  6  grains  of  the  powder  for  60  grains 
d  ferrous  sulphate,  the  scale  salts  of  iron,  or  equal  parts 
phor  and  capsicum,  etc.  In  all  cases  in  which  this  excipient 
is  employed,  the  mass  should  be  made  up  rather  sofl  with 
otherwise  it  is  likely  to  crack  or  crumble  while  the  pills  are 
>rmed ;  pills  thus  made  become  sufRciently  firm  and  retain 
Hginal  shape,  ou  account  of  the  fibrous  and  adhesive  char- 
'  the  excipient.  Hager  has  recommended  a  similar  powder, 
ed  of  I  part  of  powdered  marsfamallow  root,  l^  parts  of 
ed   tragacanth,  and   6  parts  of  powdered  orris  root;    this 

caa  be  used  like  the  preceding,  and  is  better  adapted  to 
till-masses.  In  place  of  syrup,  a  mixture  of  2  volumes  of 
1  and  I  of  distilled  water  may  be  used  for  pills  which  it  is 
to  keep  soft. 

>ne  time,  crumb  of  bread  was  ordered  quite  frequently  as  an 
it  for  pill-masses,  particularly  in  cases  in  which  it  was 
d  at  the  same  time  to  serve  as  a  vehicle  for  the  administra- 
poteot  remedies,  as  iu  the  case  of  mercuric  chloride,  strych- 
c.  In  place  of  bread-crumb,  which  is  not  always  available, 
f  the  excipient  powders  mentioned  above  may  be  used,  or  a 
!  of  1  part  of  tragacanth  and  3  parts  of  starch,  the  mass  to 
e  with  glycerin  and  water,  as  before  stated.     The  salts  of 

and  cinclionidine  are  frequently  prescribed  in  pill  form, 
lination  with  aromatic  or  diluted  sulphuric  acid,  the  quan- 
Hcid  being  often  left  to  the  judgment  of  the  dispenser.     As 

from  one-third  to  one-half  as  much  acid  as  alkaloidal 
sufficient  to  make  a  satisfactory  mass,  depending  somewhat 
le  condition  of  the  atmosphere.  The  mass  must  be  rolled 
Kxra  as  it  becomes  plastic,  while  still  a  little  sofl,  otherwise 
aes  dry  and  crumbly ;  in  the  latter  case,  the  addition  of  a 
■  two  of  syrup,  or  a  very  small  quantity  of  glycerite  of 
restores  the  proper  condition.  Quinine  sulphate  triturated 
le-sixteenth  of  its  weight  of  tartaric  acid  becomes  damp 
lesive,  and  upon  the  further  addition  of  a  small  quantity 
;rin  (about  16  or  16  drops  to  100  grains  of  quinine 
i)  yields  an  excellent  mass,  the  pills  being  small  and 
f  kept  in  a  cool,  dry  place,  such  pills  retain  their  original 
D  for  a  long  time ;  but  if  carelessly  preserved,  they  absorb 
J  and  become  sofl,  and  are  apt  to  stick  together.  Although 
nineral  acids  are  rarely  prescribed  in  pills,  they  are  occa- 
used,  in  combination  with  pepsin  and  vegetable  powders, 
iriptions  written  in  Germany;  the  excipient  powder  men- 
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tioned  in  the  preceding  paragraph^  together  with  glycerin  and  water, 
will  yield  a  good  mass. 

Easily  reducible  substances,  like  silver  nitrate,  potassium  per- 
manganate,  silver    oxide,  gold  chloride,  etc.,    cannot  be  massed 
with  the  usual  excipients,  as  they  need  some  adhesive  agent  which 
will  not  cause  decomposition.     The  most  available  substances  are 
white  clay  (kaolin)  and  water,  which  form  a  plastic  mass,  bat  one 
requiring  quick  manipulation,  as  it  soon  becomes  dry  and  crumbly. 
The  following  excipient,  proposed  by  M.  Carles  for  pill-masses  of 
this  character,  namely,  a  mixture  of  2  parts  of  kaolin  and  1  part 
each  of  anhydrous  sodium  sulphate  and  water,  has  proved  satis&c- 
tory.     Sixty  grains  of  kaolin  and  30  grains  of  the  sodium  sulphate 
require  40  minims  of  water  to  form  a  plastic  mass,  which  dries 
slowly  and  retains  its  plasticity  for  six  or  eight  minutes ;  it  admits 
of  much  better  manipulation  than  do  clay  and  water  alone,  and  the 
pills,  when  formed,  soon  become  hard  and  retain  their  shape,  owing 
to  the   assumption  of   the  crystallized    state   by  the   anhydrous 
sodium  sulphate   under  the  influence  of  water.     When  potassium 
permanganate  is  to  be  made  into  pills  with  this  excipient,  a  larger 
quantity  of  water  must  be  used;  the  best  plan  is  to  rub  30  grams 
of  potassium   permanganate  into  fine  powder,  mix  well   with  30 
grains  of  kaolin  and  16  grains  of  anhydrous  sodium  sulphate,  and 
then  mass  with  sufficient  water,   usually   26  to  30  minims.    A 
mixture  of  equal  parts  of  kaolin,  or  fuller's  earth,  soft  petrolatum, 
and  paraffin,  forms  a  most  excellent  excipient  for  this  class  of 
pills ;  or  the  medicinal  agent,  in  fine  powder,  may  be  incorporated 
with  its  owp  weight  of  lanolin,  or  wool  fat,  deprived  of  its  water, 
and   then  sufficient  kaolin   be  added  to  form  a  mass.     Lanolin  is 
indifferent    toward    silver    nitrate    and    potassium    permanganate 
(Hager).     Another  satisfactory  method  is  to  mix  potassiam  per- 
manganate with  one-half  or  the  whole  of  its  weieht  of  kaolin,  and 
then  mass  with  one-fourth  its  weight  of  soft  petroLatum. 

When  deliquescent  substances,  or  such  as  slowly  volatilize  upoD 
exposure  to  air,  are  oixlercd  in  pill  form,  a  mixture  of  potas- 
sium borotartrate  with  half  its  weight  of  water  will  prove  a  eood 
excipient ;  about  1  of  a  grain  of  powdered  tragacanth  should  be 
added  for  each  pill,  and  the  mass  must  be  quickly  formed  and 
rolled  out ;  60  grains  of  hydrated  chloral  or  30  grains  of  potassium 
iodide  require  2  drops  of  the  excipient.  Even  potassium  acetate 
has  been  made  into  satisfactory  pills  by  the  aid  of  potassium  boro- 
tartrate, 18  parts  of  the  former  and  3  parts  of  the  latter  bein^ 
u.sed  with  1  part  of  water.  All  such  pills  should  be  dispensed  in 
bottles. 

The  third  class,  absorbent  excipients,  are  frequently  required  to 
supply  the  necessary  firmness  to  a  pill-mass,  so  that  the  original 
shape  given  to  the  pills  may  be  retained.   The  addition  of  absomnt 
powders  must  be  made  judiciously,  so  as  to  avoid  an  unneoessarr     I 
increase  in  the  bulk  of  the  mass,  and  the  quantity  used  should  be 
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.  on  the  prescription,  so  that  in  oase  of  a  repetition  pills  of 
ame  size  may  be  dispensed.  The  reckless  use  of  solvent  as 
m  absorbent  excipients  is  one  of  the  chief  errors  of  inesperi- 
and  ofter  causes  much  trouble.  Some  absorbent  powders,  such 
jrch,  calcium  phosphate,  magnesium  carbonate,  licorice  root, 
jrria  root,  possess  little  or  no  adhesive  properties,  and  if  used 
cess  will  cause  the  muss  to  crumble ;  others,  like  marshmallow 

acacia,  and  elm-bark,  containing  much  mucilaginous  matter, 
id  in  excess,  form  hard  and  slowly  soluble  combinations, 
or  pill-masses  containing  an  excessive  quantity  of  soft,  solid 
eta,  powdered  licorice  root  will  be  found  very  desirable  and 
rable   to  powdered  elm-bark,  unless  metallic  salts  are  present  in 

proportion.  For  volatile  oils,  creosote,  and  liquid  oleuresins, 
is  decidedly  the  best  excipient,  as  it  eniulsionizes  these  and 
snts  their  separation  during  subsequent  manipulations;    from 

1  grain  of  soap  is  necessary  for  each  minim  of  oil,  and 
in  or  curd  soap  will  be  found  preferable  to  olive-oil  soap.  In 
bsence  of  any  vegetable  powder  in  the  prescribed  combinati<m^ 
iddition  of  powdered  licorice  root  is  desirable,  and  a  mixture 

part  of  soap  and  5  parts  of  licorice  root  forms  a  convenient 
lent,  of  which  3  grains  should  be  used  for  each  minim  of  vola- 
il ;  if  necessary,  water  or  diluted  alcohol  may  be  used  to  facili- 
massing.  The  incompatibility  of  soap  and  soluble  metallic 
in  pill-masses  has  been  noted  in  a  previous  paragraph.  For 
jte,  when  ordered  by  itself,  powdered  licorice  root  and  water 
ery  serviceable ;  2  grains  of  the  powder  with  a  little  water  are 
lent  for  each  drop  of  creosote.  Carbolic  acid  can  be  treated 
ireosote,  and  soap  will  be  found  to  bind  it  very  nicely, 
ir,  when  prescribed  in  pill  form,  either  alone  or  in  connection 
other  remedial  agents,  requires  the  addition  of  an  absori>ent ; 
esiiim  carbonate  and  powdered  licorice  root  have  been  recom- 
ed,  but  calcium  phosphate,  used  in  twice  the  weight  of  the 
las  been  found  more  satisfactory,  yielding  a  firm  yet  plastic 
Pills  thus  made  retain  their  original  shape  and  disint^rate 
y  in  water.  For  making  pills  of  mercurial  ointment  the 
excipient  bos  been  used  with  success. 

Etger  has  su^ested  a  mixture  of  equal  weights  of  yellow  wax 
itarch,  in  the  form  of  powder,  as  a  superior  adhesive  and 
l>eot  excipient  for  numerous  troublesome  pill-masses;  starched 
9  decidedly  preferable,  as  an  excipient,  to  wax  with  an  addition 
ne  fibrous  vegetable  powder,  as  pills  made  with  the  former 
egrate  more  rapidly,  and  the  wax,  being  in  a  state  of  fine 
on,  is  less  liable  to  cause  intestinal  trouble.  From  3  to  5 
\  of  starched  wax  will  yield  a  satisfactory  mass  with  1  grain 
ch  of  the  following  substances  (Hager) :  carbolic  acid,  apiol, 
sin  of  male  fern,  guaiacol,  creosote,  croton  oil,  terpinol,  and 

tar.  Starched  wax  may  be  prepared  by  thoroughly  drying 
r  wax,  in  the  form  of  thin  shavings,  under  a  paper  cover  in  a 
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'dark  place,  and  then  robbing  into  powder  with  an  equal  weight  of 
rice-flour. 

Unless  some  other  substance  is  present,  as  an  oleoresin  or  a 
volatile  oil,  whereby  the  melting-point  of  the  mixture  is  brought 
<lown  to  about  38®  C.  (100.4°  F.),  wax  is  very  undesirable  in  pill- 
masses  on  account  of  its  difficult  disintegration,  which  may  cause 
pills  made  therewith  to  pass  through  the  body  unaltered.  When 
wax  is  directed  to  be  used  in  a  pill-mass,  it  should  be  melted  at  a 
moderate  heat  and  then  mixed  with  any  oil  or  oleoresin  ordered, 
before  the  solid  ingredients  are  added. 

Powdered  tragacanth  may  sometimes  be  employed  as  an 
absorbent  when  it  is  desired  to  impart  adhesiveness  to  a  veiy  moist 
mass  without  materially  increasing  the  bulk.  The  mixture  of 
tragacanth  and  powdered  elm-bark,  previously  mentioned,  is, 
however,  generally  to  be  preferred.  The  compound  tragacanth 
powder  of  the  British  Pharmacopoeia,  composed  of  1  part  each  of 
powdered  tragacanth,  powdered  acacia,  and  starch,  and  3  parts  of 
powdered  suear,  forms  an  excellent  absorbent  and  adhesive  agent, 
:and  pills  made  with  this  excipient  disintegrate  readily. 

A  mixture  of  equal  parts  of  finely  powdered  elm-bark  and  starch 
ivill  be  found  a  most  desirable  excipient  for  soft  pill-masses  contain- 
ing iodine  or  iodide  of  iron ;  the  mass  should  be  rolled  out  while 
«till  moderately  soft,  as  the  pills  will  harden  subsequently.  Pill- 
masses  containing  free  iodine  should  invariably  be  made  with  the 
4iddition  of  starch,  which,  combining  with  the  iodine,  prevents  its 
irritating  efiect  on  the  mouth  and  throat ;  the  union  oetween  the 
starch  and  iodine  is  very  feeble,  and  the  latter  will  be  liberated  by 
the  warm  liquids  of  the  stomach. 

In  a  few  cases  the  addition  of  any  excipient  is  superfluous,  as 
when  lupulin  and  camphor  are  orderea  together  in  pill-form.  The 
simple  trituration  of  powdered  camphor  with  lupulin  causes  the 
resinous  matter  to  soften,  and  an  adhesive  mass  is  quickly  obtained 
which  hardens  on  standing.  All  solvents,  like  ether,  alcohol,  and 
<iiluted  alcohol,  must  be  avoided,  but  a  very  small  quantity  of  elm- 
bark  may  sometimes  be  added  with  advantage  in  very  warm 
weather. 

Mortars  and  other  utensils  used  in  making  pill-masses  are 
sometimes  cleaned  with  great  difficulty,  on  account  of  the  stain 
imparted  by  certain  chemicals.  As  a  rule,  plain  water,  cold  or  hot, 
will  suffice  to  remove  the  slight  remnants  of  a  pill-mass,  especially 
if  allowed  to  stand  in  the  mortar  for  a  short  while ;  but  in  some 
cases  the  addition  of  lye  (caustic  potassa  or  soda  solution)  becomes 
necessary  to  soften  hard  resinous  deposits.  The  persistent  odor  of 
volatile  oils  is  best  removed  with  a  little  alcohol  afker  the  mortar 
has  been  well  washed  with  water.  A  few  drops  of  oil  of  turpentine 
promptly  remove  the  odor  of  iodoform.  Metallic  stains,  as  a  rule, 
are  dissolved  quickly  by  a  little  strong  hydrochloric  or  nitric 
acid.     Manganese  dioxide  stains  disappear  at  once  if  treated  with 
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ely  powdered  ferrous  sulphate,  sulphuric  acid,  and  water; 
:  potasijium  permanganate  stains  yield  readily  to  a  solutioa  of 
E  acid. 

ivision  of  the  FiU-mass. — After  the  mass  has  been  properly 
ired,  it  is  transferred  to  a  pill-machine  or  a  graduated 
or  porcelain  tile,  to  be  rolled  out,  by  means  of  a  flat  piece  of 
wood,  into  a  rod  or  pipe  of  uniform  thickness,  which  is  then 
ed  into  the  requisite  number  of  pieces.  Steel  spatulas  are- 
by  many  for  roiling  out  the  mass,  but  are  not  so  desirable  as  a 
en  roller,  since  the  width  of  the  spatula  permits  of  covering- 
a  small  part  of  the  mass  at  a  time,  hence  irr^^larity  in  the 
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Fig.  226. 


MdeD  plll-roiler. 


FlU'tile,  graduated. 


ness  of  the  cylinder  frequently  occurs.  A  little  pressure  must 
plied  when  rolling  out  the  mass,  both  on  the  pill-machine  and 

Figs.  223  and  224  represent  wooden  pill-mass  rollers,  the  long^ 
nth  the  handle  having  the  more  convenient  shajje. 

small  number  of  pills  may  be  conveniently  divided  on  a  pill- 
Pig.  225),  but  for  a  larger  number  a  pill-machine  will  be  found 
rable,  particularly  if  the  weight  of  the  pills  corresponds  to  the 
f  the  grooves,  for  then  the  perfect  rounding  of  the  pills  can 
idily  effected  by  coutinued  rolling  in  these  grooves.     lo  order 
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ure  greater  uniformity  in  cutting  the  mass  on  a  pill  tile  into 
■quired  number  of  parts,  use  may  be  made  of  either  of  the  two 
»a  shown  in  Figs.  226  and  227.     The  Livingston  pill-cutter 
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may  be  used  to  cut  24  parts  at  one  time  hy  simply  pressing  the 
steel  cutters  into  the  pill-mass  after  the  same  has  been  rolled  emtio 
the  required  lengtli  by  means  of  a  woodeo  pill-paddle ;  the  separate 


Diamond  pill-cutler. 


pieces  may  then  be  quickly  ejected  by  means  of  a  slotted  raetallie 
strip  operated  by  a  spring  on  the  top  of  the  bar.  The  Diamood 
pill-cutter  is  combined  with  a  flat  wooden  roller  for  rolling  the 
mass  out  to  the  required  length,  which  is  then  brought  under  ibe 
projecting  cross-piece  and  the  metal  cutters  pressed  down  upon  it ; 
as  the  metal  plate,  to  which  the  cutters  are  attached,  rebounds  to  its 
original  position,  the  latter  are  stripped  of  any  adhering  pieces  of 
mass  by  the  projecting  cross-piece,  through  the  slots  of  which  the 
cutters  pass.  Fig.  228  represents  a  complete  pill-machine.  It 
oon^ists  of  a  smooth,  hardwood  rolltng-boara  encased  in  metal  aod 


provided  with  a  grooveil  metal  plate ;  to  the  roller,  which  is  like- 
wise made  of  hard  wood,  is  attached  a  similar  metal  plate,  the 
grooves  of  which  correspond  exactly  to  the  grooves  of  the  plate  ob 
the  board,  being  adjusted  to  the  size  of  pills  of  certain  weights,  »s 
1,  2,  3,  or  5  grains.  To  facilitate  the  motion  of  the  roller,  it  is  fre- 
quently provided  with  two  little  metal  wheels  on  each  side  of  the 
grooved  plate,  as  may  be  seen  in  the  illustration.  When  the  roller 
is  in  use,  these  bear  against  the  metal  casing  of  the  rolliog-bosrd 
and  thus  enable  the  roller  to  travel  uniformly. 

The  best  pill-machine  is  the  "Cooper  patent"  (Fig. 229),  the 
woodwork  being  of  mahogany  and  the  metallic  parts  of  brass.    This 
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line  has  two  sets  of  reversible  grooved  p1at«8,  on  which  four 
«nt  sizes  of  piUs  can  be  made — 1,  2,  3,  aD<]  5  graiDs ;  the 
9  being  quickly  removable  and  adjugteble.  The  sides  of  the 
ig-board  are  so  constructed  that  they  can  be  raised  or  lowered 
eans  of  winged  screws,  which  allows  the  mass  to  be  rolled  just 
hickness  required  for  each  respective  size  of  pill,  thereby  jnsui^ 
Iways  the  full  number  of  perfectly  round  pills. 


Cooper*!  patent  piU- 


rter  the  mass  has  been  properly  rolled  out  to  the  length  of  the 
id  number  of  pills,  it  is  laid  upon  the  grooved  plate  of  the 
,  and  divided  by  placing  the  other  cutter  over  it  and  drawing 
ime  forward  and  backward  with  slight  pressure, 
hen  the  pill-mass  has  been  divided  on  a  piil-tile,  and  also  when 
ills  are  larger  or  smaller  than  the  grooves  of  the  machine,  it 
les  necessary  to  impart  a  spherical  shape  to  the  pieces,  by 
priate  rolling  between  the  thumb  and  first  and  second  iingcrs, 
which  the  pills  should  be  placed  under  a  pill-finisher  and  com- 
y  rounded  by  rotary  motion  of  the  same  with  some  pressure. 
>etter  to  move  the  finisher  about  in  curvilinear  figures  like  the 
8,  instead  of  giving  it  a  constant  cir- 
motion,  so  that  the  pressure  may  be  f"'0-  230. 

m  at  all  points.  Pill-finishers  usually 
t  of  a  circular  piece  of  hard  wood, 
I  smooth  rolling  surface  and  a  project- 

argin  for  the  purpose  of  confining  the  

several  sizes  are  required  to  suit  dif-        Hard  wood  pin-flniihet. 

sizes  of  pills.     Fig.  230  represents  a 

jient  pill-finisher  suitable  for  two  different  sizes,  as  the  upper 

wer  mai^ns  project  to  difFerent  lengths. 

l-diutitijg. — Tiie   pill-mass,   being    plastic   and   adhesive,   is 

to  adhere  to  the  slab  and  the  fingers  while  being  rolled  out 

laped  into  pills.     This  may  be  prevented  by  the  use  of  a  fine 

r,  which  should  be  wholly  inert,  unless  otherwise  directed  by 

ysician.     Among  the  most  suitable  powders  are  lycopodium, 

e  root,  and  starch.     The  former  is  particularly  desirable  on 
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account  of  its  tioenese  and  UDiformity,  its  slight  adhesiveness,  and 
its  tast«Iessne33.     Powdered  starch  should  be  used  with  all  while 

E ill-masses,  Bermuda  arrow-root  being  the  best  fur  the  purpoee. 
'nly  in  exceptional  cases  is  the  addition  of  dusting-powder  to  the 
pills  in  the  box  justifiable ;  the  pills  should  receive  a  sufficient 
coating  of  the  powder  uuder  the  finisher ;  then,  if  the  mass  has  heeii 

Eropeny  made,  there  will  be  no  likelihood  of  the  pills  adbering, 
ence  no  occasion  for  putting  an  excess  of  powder  in  the  boi. 
Magnesia  and  magnesium  carbonate  are  not  well  suited  for  dusting- 
powders,  and  should,  moreover,  be  used  with  due  care,  on  account 
of  the  possible  chemical  effect  upon  the  ingredients  of  the  pills. 
Powdered  talc  (soapstone)  is  likewise  serviceable,  having  the  attvan- 
tage  of  imparting  a  very  thin,  opaque,  and  tasteless  coating  to  the 
pills,  without  impairing  their  solubility  in  the  stomach;  it  is 
particularly  suited  for  pills  of  silver  nitrate  and  the  like.  When 
asafetida  or  other  nauseous  substances  are  given  in  the  form  of  pill, 
the  odor  may  be  either  entirely  di^uised  or  considerably  modified 
by  the  use  of  powdered  cinnamon,  aromatic  powder,  ginger,  or 
similar  material. 

Pill-COfttilljf. — The  plan  of  coating  pills  with  various  substaDces. 
with  a  view  to  mask  the  odor  and  taste  of  nauseous  medicines,  is  br 
no  means  a  novelty,  having  been  practised  mora  tJian  fifty  yean 
ago.  At  one  time  the  silvering  or  gilding  of  pills  was  of  frequent 
occurrence,  but  at  present  it  is  but  rarely  employed.  Pills  to  be 
thus  coated  must  be  made  firm  and  rolled 
Fio.  231.  perfectly  smooth,  if  possible  without  any 

dusting-powder;  they  should  be  ven' 
slightly  dampened  with  a  mixture  of  equal 
parts  of  alcohol,  syrup,  and  mudlage  oi 
acacia  and  then  placed  iu  a  suitable  ap- 
paratus consisting  of  two  hollow  hemi- 
spheres of  hard  woo<l  or  honi,  as  shown 
in  Fig,  231.  Silver  or  gold  foil  is  added, 
when,  the  apparatus  having  been  closetl,  > 
rapid  rotary  motion  will  in  a  very  short 
time  cause  the  pills  to  take  on  a  unifonn 
coating  of  the  metal ;  should  some  of  the 

Stills  receive  only  a  partial  covering,  niotf 
i)il  must  be  added  and  the  rotary  moiion 
repeated.     As  a  rule,  one  leaf  of  silver  or 
gold  will  cover  a  half-dozen  ^-grain  pills.     Glycerin  should  not  Le 
used  as  an  excipient  for  pills  which  are  to  be  silver-  or  gold-coaled, 
as  it  will  lessen  the  brightness  of  the  metal. 

Sugar-coating  is  a  process  which  is  not  readily  applicable  to  the 
operations  of  the  pharmacist,  requiring  experience  and  practice  l" 
insure  success.  It  partakes  of  the  confectioner's  art,  altnougfa  the 
coating  of  pills  with  sugar  requires  somewhat  more  care,  on  account 
of  the  absence  of  starch  or  flour,  which  generally  make  up  a  port 
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confectioner's  coating.  Sugar-coatiog  of  pills  on  a  large  scale 
e  in  hemispherical  copper  pans  made  to  revolve  slowly  within 
af  Bteam-pipe  supplying  the  seoessary  heat  for  evaporation  of 
listure ;  tue  pills,  which  should  be  well  air-dried,  are  placed 
pan,  and  a  quantity  of  simple  syrup  or  of  a  mixture  of  syrup 
ucili^  uf  acacia  is  poured  on,  the  ran  being  kept  in  constant 
motion  until  the  pills  are  dry.  The  addition  of  syrup  is 
>d  until  a  sufficiently  thick  coating  has  been  deposited  on  the 
,nd  this  can  be  determined  only  by  experience. 
;ar-coating  can  be  more  succeBsfully  performed  with  a  lai^ 
ty  of  pills  than  with  a  small  number,  as  the  deposit  of  sugar 
ilace  more  uniformly,  and  the  mutual  attrition  of  many  pills 


Sugat-coatlDg  mMhine  lor  pllla. 

I  a  smooth  surface.  Fig.  232  represents  a  sugar-coating  pan 
in  lai^  manufacturing  establisliments ;  as  seen  in  the  iilus- 
,  it  is  operated  entirely  by  ateam-power.  For  small  opera- 
:  will  be  found  desirable  to  dampen  the  pills  with  diluted 
ge  of  acacia  or  e^;-albumen  ana  then  rotate  them  in  a 
copper  or  porcelain  dish  containing  either  finely  bolted  sugar 
ixture  of  acacia  1  part  and  sugar  5  parts,  or  of  sugar  2  parts, 
if  milk  1  part,  and  purified  talcum  1  part.  With  care  and 
e  very  &ir  results  may  be  obtained,  although  the  pills  should 
expected  to  look  so  perfect  as  those  coated  by  machinery,  A 
pparatus  has  been  devised   in  England  for  facilitating  the 
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sugar-coating  of  pills  at  the  dispeiisiiig-counter ;  it  is  shown  in  Fig. 
233,  and  consiata  of  a  fiat-buttomed,  tinned-cupper  pan,  nith  a 
hinged  cover.  The  pills  having  l>een  dampened  as  directed,  may  be 
placed  in  the  pan  with  the  sugar  and  rotated  while  a  gentle  heat  \s 
applied,  which  facilitates  the  dryiug  of  the  coating ;  when  dn-,  tbe 
process  can  be  repeated  until  a  perfect,  hard,  white  coaling  is  ob- 
tained. Sugar-coated  pills  do  not  at  first  have  the  faniiliur  glo^f 
appearance,  but  are  dull  when  taken  from  the  coaterj  the;  are 
then  shaken  with  pieces  of  pamffin,  which  causes  a  minute  film  of 
the  latter  to  be  de]x>3ited  on  the  sugar,  and  thus  the  desired  gloeti  is 
produced. 

Fio.  233. 


Smkll  lugar-cottlng  pan. 

Gelatin-coating  is  more  readily  applied  than  sugar-coating,  hut, 
like  the  latter,  requires  practice  to  insure  proficiency.  The  chief 
dii&cultj  lies  in  the  drying  of  the  coating  after  the  pills  have  been 
dipped  into  the  solution  of  gelatin ;  the  pills  must  be  kept  in  molion 
while  the  gelatin  cools,  otherwise  the  coating  will  not  be  UDiforni. 
Pills  to  be  gelatin -coated  must  be  firm,  dry,  and  free  from  dusting- 
powder  ;  if  glycerin  is  used  as  an  excipient,  it  is  likely  to  soften  the 
gelatin -coating,  causing  the  pills  to  stick  t<^ther.  For  pills  con- 
taining strongly  odorous  substances,  such  as  asafetida,  sumoul,  lodi" 
form,  the  valerianates,  etc.,  gelatin-coating  is  decidedly  inferior  to 
augar-coating,  as  the  odor  penetrates  gelatin  far  more  rapidly  than 
sugar.  The  manner  of  coating  the  pills  on  a  lai^  scale  is  identirt! 
with  that  used  for  only  a  dozen  pills,  namely,  tbe  pills  are  impaW 
upon  long,  thin  needles,  to  the  depth  of  al>out  -jV  of  an  inch,  ■'<n'l 
then  immersed  in  a  solution  of  gelatin  kept  fluid  by  means  of  a 
water-bath ;  in  order  to  avoid  contraction  and  cracking  of  the  pelaiin 
upon  cooling,  mucilage  of  acacia  is  usually  added  to  the  solution. 
and,  bv  some,  syrup  also.  The  rapid  drying  on  a  large  .scale  i' 
effected  by  placing  the  pills  soon  after  they  have  been  dipped,  whiV 
still  on  the  needles,  in  specially  constructed  drying  cases  conrwcit*! 
with  an  exhaust  fan,  by  means  of  which  air  is  rapidly  drawn  througn 
the  ca.sos,  and  the  moisture  is  thus  removed. 
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r  small  operations  various  devices  have  been  suggested  for 
:  tile  gelatin-coating,  no  one  of  wi)ich  can  be  saidto  be  the 
IS  pharmacists  prefer  that  apparatus  with  which  they  have 
e  most  familiar  by  practice.  The  gelatin  solutiou  should  be 
;  a  temperature  of  between  72°  and  82°  C.  (161.6°  and  179.6° 
that  it  may  not  be  too  thick  when  the  pills  arc  immersed,  and 
jm  or  froth  forming  should  be  carefully  pushed  aside  before 
lis  are  dipped.  Figs.  234,  235,  236,  and  237  represent  the 
ading  styles  of  gelatin-coating  apparatus  in  use  among  phar- 
i  in  this  country.  In  three  of  them  the  pills  are  taken  up  on 
idles  from  a  tray  provided  with  grooves,  in  which  the  pills 
eeu  placed,  and,  after  they  have  been  dipped  into  the  gelatin 


Piof.  Patch'*  g«UUn-eoater. 

I,  are  revolved  until  dry  and  then  stripped  from  the  needles 
as  of  a  comb,  shown  in  the  illustrations.  The  arrangement 
'.  Patch  for  drying  the  coating  consists  of  a  wheel  ■with  slots, 
b  the  bars  carrying  the  needles  are  placed,  when  the  wheel  is 
\  move  alternately  in  opposite  directions,  by  means  of  a  string 
I  to  the  axle  passing  through  the  wheel  (see  Fig.  234).  The 
solution  recommended  by  Prof,  Patch  is  made  as  follows : 
:«  2J  ounces  (av.)  of  French  gelatin  (gold  label)  with  7  fluid- 
i>f  distilled  water,  and  when  soft,  dissolve  by  aid  of  a  hot 
ath  ;  add  2  drachms  of  boric  acid,  and  finally  2  fiuidounces  of 
e  of  acacia;  strain  the  mixture. 

"  Porcupine "  gelatin-coater  (Fig.  235),  designed  by  C.  C. 
consists  of  a  wooden  tray,  A,  provided  with  grooves  and  a 
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KBUg«  for  reguUtittg  the  depth  to  which  the  needles  shall  enter  mils  (J 
different  sizes,  and  also  a  brass  comb  for  disengaging  the  pilk  frcKD 
the  needles ;  a  drying  cylinder,  ^,  provided  with  T-shaped  nils  on 
its  rounded  cylinder,  which  form  grooves  for  receiving  the  needfe- 
bara  C;  a  water-bath  and  solution-holder,  D,  the  latter  bang  t 
trough  in  the  cover  of  the  bath  and  kept  at  the  proper  temperawre 
by  the  aid  of  heat.  After  the  needle-bars  carrying  pills  have  been 
placed  in  the  grooves  of  the  cylinder  the  latter  is  kept  revolving,  by 
means  of  the  crank  on  the  side  (larger  machines  are  operetea  by 
clock-work  attachments),  at  the  rate  of  about  50  revolutioDs  t 
minute,  until  the  pilla  are  dry  enough  not  to  stick  t(^;etber  when 
taken  off  Uie  needles.     Wells  recommends  the  following  solution 


WelU'  "  Porcaplna  "  geUHn -cotter. 


for  gelatin-coating :  Dissolve  2  drachms  of  acacia  in  1  fluidounce 
of  water,  and  add  1  ounce  (av.)  of  Cox's  gelatin,  2  fluidounces  of 
water,  and  1  fluidonnce  of  simple  symp ;  dissolve  by  heat  mJ 
strain. 

The  gektin-coater  of  W.  C.  Franciscns  (Fig.  236)  resembles 
the  other  two,  except  in  the  provision  for  drying  the  coating  on  tbe 
pills,  which  must  be  done  by  rapidly  twirling  the  needle-bars  «t>- 
tred  on  a  pivot  with  the  hand,  until  the  pills  are  sufficiently  dn 
to  be  removed.  The  different  steps  of  the  operation  are  shown  in 
the  illustration :  A  represents  a  water-bath,  and  C  the  solatkm- 
holder  resting  in  the  same ;  BB  shows  the  position  of  the  needle- 
bar  in  the  act  of  impaling  the  pills  which  have  been  placed  in  the 


ons  in  the  tray,  the  balls  od  the  eudg  of  the  bar  insaring 
'  in  centriDg  the  pills  with  the  needle-pointa,  by  slipping 
'■  rods  B  ana  £.     AtEia  shown  the  manner  of  revmvine 


FianclKoa'  gelsUQ-coKtcr. 

I,  after  they  have   been   dipped,  by  means  of  the  pivotal 
J.     When  sufficiently  dry,  tne  pilla  are  stripped  from  the 
jy  means  of  the  comb  attached  to  the  tray  G. 
lard's-  gelatin-coater  (f  i?.  237)   is  not  provided  with  a 
tray  from  which  the  pills  are  taken  up,  but,  instead,  the 

Fio.  237. 


H*TDard's  gelatln-ciwter. 


placed  in  depressions  in  a  metallic  plate,  E,  provided  also 
>  holes  to  receive  the  guide-pins  attached  to  the  circular 
jlder  D,  and  surrounded  with  a  metallic  ring,  F,  to  prevent 
rolling  off.     When  the  needle-holder  is  not  in  use,  the 
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needle-points  are  drawn  back  behiod  the  outer  disk  by  means  of  the 
handle  attached  to  the  top,  to  which  the  needlea  are  fastened,  To 
impale  the  pills,  the  needles  are  depressed,  passing  through  tbe  peT- 
forations  iu  the  outer  disk,  and  take  up  the  pills  as  sbowaatC. 
The  gelatin  sohitioa  is  contained  in  a  covered  agateware  dish, Ksling 
in  the  copper  water-bath  A  ;  after  the  pills  have  been  dipped,  tiie 
needle-holder  is  slowly  revolved  to  facilitate  tlie  uniform  dlstributioD 
of  the  gelatin  film.  When  the  gelatin  has  set,  the  needle-holder 
may  be  laid  aside,  as  shown  at  C,  until  the  coating  is  sufficiently 
ha«l  to  allow  the  pills  to  be  removed  to  the  tray  of  wire  gauze  B,  bj 
grasping  the  circular  plate  on  the  needle-holder  with  one  hand  md 
pulling  the  handle  upward  with  the  other.    It  is  always  vfdl  to 


Colton'i  machine  (br  coDtlnuoui  gclattii'CoattnE. 

grease  slightly  with  petroleum  the  perforated  disk,  through  which 
the  needles  pass,  to  prevent  the  pills  adhering. 

The  application  of  a  continuous  coating  of  gelatin  to  pills  without 
the  use  of  needles  is  in  successful  operation  at  several  lai^  manu- 
facturing establishments,  but  is  not  available  at  the  dispensing-ooun- 
ter,  since  extensive  steam-power  machinery  is  necessary  for  the  work. 
In  Fig.  238  may  be  seen  a  cut  of  probably  the  only  machine  of  i» 
kind  at  the  present  time;  it  was  designed  by  Arthur  Colton, of 
Detroit,  Michigan,  and  has  a  capacity  of  coating  from  6000  to  lO.OOO 
pills  per  hour.  This  ingeniously  constructed  piece  of  machinerr  i* 
operated  by  two  female  attendants  in  the  following  manner :  The 
pills  to  be  coated  are  placed  in  the  drawer  A,  which   is  provided 
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1  perforated  plate  Sd  the  bottom  at  the  end  projecting  from  the 
g-KiIn,  The  drawer  A  having  i:>eeii  drawn  out  and  so  arranged 
he  perforated  plate  registers  over  a  set  of  tubes  on  plate  B,  the 
ire  Dnished  through  the  perforations  hy  means  of  a  brush  mov- 
rward  and  backward  in  A,  and  are  firmly  held  on  the  tubes 
h'acuum,  produced  by  means  of  the  pump  P.  The  tube-plate 
aetened  by  means  of  a  clamp  to  the  hood  C,  and  by  revolving 
tter  half-way,  the  plate  is  brought  face  downward  over  the  pan 
Dtaining  the  geiatiu  solution.  By  means  of  the  handle  E  the 
>  is  then  slowly  raised  far  enough  to  immerse  the  pills  half- 
which  is  regulated  by  the  stop  i^,  so  as  to  avoid  getting  any 
a  solution  on  the  tube-plat£.  The  plate  B,  with  the  pills,  is 
raised  and  carefully  placed  in  the  slide  G,  and  another  tube- 
filled  with  pills  as  before,  the  operation  of  placing  the  pills  on 
ihes  and  coating  them  being  continued  until  the  supply  is 
sted.  As  one  plate  after  another  is  placed  in  G  they  are 
d  forward  through  the  kiln,  where  the  coating  is  dried  by  cur- 
of  warm  air  sufficiently  to  allow  the  pills  to  be  transferred  to 
;r  plate  at  the  other  end,  when  the  operation  of  dipping  the 
half  of  the  pills  is  performed  by  the  second  attendant,  and  the 
now  carrying  the  completely  coated  pills  is  returned  through 
In  on  a  second  slide  running  parallel  to  the  first.  When  tne 
gain  reach  the  first  operator  they  are  dry  enough  to  be  placed 

place  of  gelatin -coating  at  the  dispensing-counter,  the  plan 
Is  in  this  country  of  disguising  the  disagreeable  odor  and  taste 
Is  by  enclosing  them  in  gelatin  capsules.  These  gelatin  cap- 
ire  sold  under  the  name  of  empty  capsules,  and  consist  of  small 
ers  closed  at  one  end  and  provided  with  a  shorter  cylindrical 
;  they  occur  in  seven  sizes,  ranging  from  f  inch  to  1  inch  in 
,  and  are  numbered  respectively  from  Ko.  6  to  No,  00 ;  they 
id  at  fabulously  low  prices.  The  composition  of  the  empty 
es  made  in  this  country  is  a  mixture  of  gelatin  and  glycerin  in 
le  proportions,  dependent  upon  the  character  of  the  gelatin, 
'rench  Pharmacopceia  recommends  for  hard  capsules  a  mixture 
parts  each  of  white  gelatin,  gum  arabic,  and  sugar,  10  parts 
ified  honey,  and  100  parts  of  water,  to  be  melted  with  the  aid 
ater-bath  ;  for  elastic  capsules  is  recommended  a  mixture  of 
ts  of  white  gelatin,  15  parts  each  of  gum  arabic  and  sugar, 
trts  of  glycerin,  and  80  parts  of  water,  to  be  likewise  dissolved 
water-uith.  Other  authorities  propose  for  hard  capsules  a 
re  of  60  parts  of  gelatin,  10  parts  each  of  acacia  ana  sugar, 
0  parts  of  water;  and  for  soft  capsules  a  mixture  or  50 
jf  gelatin,  16  parts  of  sugar,  20  parts  of  glycerin,  and  90 
if  water. 

;  capsules  are  made  by  dipping  either  metallic,  bone,  or  wooden 
i,  attached  by  means  of  handles  to  a  suitable  disk,  into  the 

gelatin  mass  kept  at  a  temperature  of  about  40°  C.  (104°  F.), 
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and  then  rotating  tiie  moulds  gently  for  a  few  minutes  so  as  to  insure 
a  uniform  film ;  if  necessary,  the  immersion  is  repeated.  To  prevent 
adhesion  of  the  gelatin  solution  to  the  moulds,  the  latter  are  rubbed 
with  a  soft  oiled  cloth  before  dipping  them.  After  twenty  or  thirty 
minutes  the  gelatin  film  will  have  become  sufficiently  firm  to  allow 
the  capsules  to  be  stripped  from  the  mould,  and  laid  aside  to  diy  in 
suitable  closets  provided  with  a  draft  of  moderately  warm  air,  anj 
excess  of  gelatin  being  removed  with  an  ivory  kni^  before  the  cap- 
sule is  taken  from  the  mould. 

As  the  object  of  capsuling  pill-masses  is  to  render  the  medicine 
as  palatable  as  possible,  care  should  be  taken  that  the  exterior  of 
the  capsule  be  not  contaminated  in  any  way  with  the  material 
This  is  best  accomplished  by  dividing  the  mass  into  small  cylindri- 
cal pieces,  rounding  off  the  ends  oi  each,  and  then,  after  having 
wasned  the  hands  thoroughly,  introducing  the  pieces,  by  the  aid  of  a 
long  needle,  into  the  capsule  held  in  the  left  hand,  taking  up  the 
cover  vrith  two  fingers  of  the  right  hand  holding  the  n^Ieand 
quickly  slipping  it  into  position,  thus  avoiding  all  contact  of  the  mass 
with  the  exterior  of  the  capsule.  The  habit  of  putting  pills  into 
capsules  with  the  fingers  is  censurable  and  an  evidence  of  bad 
training. 

The  filling  of  capsules  with  liquids  is,  as  a  rule,  done  in  hrge 
manufactories,  and  for  this  purpose  capsules  of  ovoid  shape  having 
a  small  orifice  are  selected ;  they  are  supported  on  trays  or  racks, 
and  the  liquid  is  introduced  by  means  of  a  pipette  or  a  syringe 
with  a  small  nozzle.  The  orifice  of  the  capsule  is  sealed  with  a 
little  of  the  warm  gelatin  solution  by  means  of  a  glass  rod.  When 
the  pharmacist  has  occasion  to  dispense  liquids  in  ordinaiy  emptr 
capsules,  the  best  plan  is  to  set  the  capsules  up  in  a  shallow  box 
with  a  perforated  lid,  and,  having  introduced  the  liauid,  seal  the 
cover  hermetically  by  moistening  the  edges  in  a  drop  oi  water  spread 
on  a  pill-tile,  before  slipping  it  over  the  capsule ;  a  mere  trace  of 
water  being  sufficient  to  cause  a  union  between  the  cover  and  the 
capsule,  any  excess  of  moisture  must  be  shaken  off,  as  it  would 
cause  the  capsule  to  soften  and  finally  leak. 

The  well-known  French  pearls  of  ether,  apiol,  chloroform,  etc,, 
are  gelatin  globules  filled  with  the  respective  liquids.  According 
to  Th6venot,  they  are  prepared  as  follows :  A  mass  composed  of 
gelatin,  acacia,  sugar,  and  honey,  is  rolled  into  thin  sheets,  one  of 
which,  while  still  soft,  is  placed  upon  an  iron  plate  of  6  millimetcR 
(about  \  inch)  thickness,  and  containing  numerous  suitable  ca\nties 
of  10  millimeters  (about  ^  inch)  diameter,  into  which  the  mass  sinks 
by  reason  of  its  weight,  thus  forming  a  hollow  hemisphere  in  each 
cavity ;  the  desired  liquid  is  introduced  by  means  oi  a  pipette  or 
small  syringe,  and  a  cover  consisting  of  another  sheet  of  the  same 
gelatin  mass  is  laid  on.  A  second  iron  plate,  corresponding  exactl^ 
to  the  one  first  used,  is  now  placed  over  the  last  sheet,  and  after 
screwing  the  plates  together  their  position  is  reversed  so  that  the 


nd  gelatin  sheet  may  fill  the  cavities  in  the  second  iron  plate, 
completing  the  spherical  shape  of  the  pearls  or  elobules,  which 
finally  separated  from  each  other  by  subjectmg  the  whole 
ngement  to  powerfii]  pressure. 

Luother  method  is  said  to  consist  in  filling  a  tube,  made  of  gela- 
lompositioD,  with  the  respective  liquids,  and  then,  by  means  of 
ijcially  constructed  machine,  cutting  off'  pieces  of  the  require<l 
and  simultaneously  pressing  these  into  the  proper  shape.  The 
iratus  used  for  this  method  is  known  as  Viel  s  capsulator. 
'ills  are  sometimes  coated  with  collodion  or  balsam  of  tolu ;  the 
r  plan  is  directed  in  the  official  formulas  for  pills  of  iodide  of 
and  of  phosphorus.  To  coat  pills  with  collodion,  they  are 
ily  impalea  on  needles  and  dippea  into  collodion,  which  is  then 
red  to  dry;  if  water  be  present  in  the  pills,  the  coating  will 
me  mottled  or  opaque.     The  Pharmacopeia  directs  a  solution 

0  Gm.  of  balsam  of  tolu  in  15  Cc.  of  ether,  for  coating  pills , 
owing  to  the  very  rapid  evaporation  of  the  solvent,  the  process 
satiafectoiT,  as  the  pUls  are  prone  to  stick.  The  following  im- 
^ment  by  Dunning  has  met  with  considerable  success :  Dissolve 
n.  of  balsam  of  tolu  in  16  Cc.  of  alcohol  with  aid  of  a  gentle 
;  strain,  and  when  cold  add  5  Cc.  of  ether.  Enough  of  this 
ion  is  poured  into  the  lid  of  an  K-nunce  ointment  jar  to  form  a 
layer,  the  pills  are  added,  and  the  lid  rotated  until  they  are 
iletely  coatod.  The  pills  are  then  transferred  to  another  lid, 
oualy  coated  with  liquid  petrolatum  by  spreading  one  drop  over 
urface  with  the  finger,  and  rotated  for  a  few  minutes  to  remove 
xcess  of  the  tolu  solution.  Thev  are  finally  placed  in  a  tbird 
oated  like  the  second,  and  rotated  until  dry. 

he  so-called  "pearl-coating"  is  applied  in  a  manner  similar  to 
used  for  gilding  or  silvering;  the  pills  having  been  evenly 
lened  with  a  very  thin  adhesive  liquid  (mucilage  of  acacia  3j, 

1  3^,  and  water  jvj,  or  tragacanth  4  grains,  syrup  3ss,  and 
'  Sviiss),  are  rotated  in  a  globular  box  with  puritiea  talcum  or 
xture  of  talcum  and  sugar  in  the  form  of  an  impalpable 
er.  If  a  high  polish  is  desired,  this  can  be  obtained  bv  rotat- 
hem   afterward  in  another  globe  coated  on  the  inside  with 

?ratin  coatin)>  has  been  especially  recommended  for  pills  which 
)t  to  be  acted  upon  in  the  stomach,  but  to  be  dissolved  in  the 
inal  fluids.  Keratinized  pills  were  first  introduced  by  Dr. 
,  of  Germany,  but  have  not  met  with  much  favor,  on  account 
;  tedious  process  of  coating.  Keratin  is  a  constituent  of  all 
matter,  and  is  obtaine<l  from  the  same,  after  removal  of  fat 
rther,  by  digestion,  In  the  form  of  shavings  or  turnings  with  a 
re  of  pepsin,  hydrochloric  acid,  and  water,  for  twenty-four  or 
-six  hours:  this  treatment  removes  all  matter  soluble  in  the 
;  juice.  The  residue,  having  been  well  washed  with  water,  is 
BO  with  8  or  10  times  its  weight  of  5  per  cent,  ammonia  water 
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in  a  loosely  stopped  flask,  at  a  moderate  heat,  until  a  nearly  ct^ni- 
plete  solution  results,  which  is  then  filtered  and  evaporated  to  dn- 
ness.  Keratin,  as  thus  prepared,  is  a  commercial  article;  both  acid 
and  alkaline  solutions  of  it  are  used  for  coating  pills. 

Aniraoniacal  solution  of  keratin  is  prepared  by  dissolving  7 
parts  of  keratin  in  a  mixture  of  50  parts  of  10  per  cent,  ammonia- 
water  and  50  parts  of  60  per  cent,  alcohol  (solution  may  be  facili- 
tated by  warming).  This  alkaline  solution  should  be  used  for  pills 
containing  trypsin,  pancreatin,  metallic  sulphides,  etc. 

Acetic  solution  of  keratin,  made  by  dissolving  7  parts  of  keratin 
in  100  parts  of  glacial  acetic  acid  (if  necessary,  by  the  aid  of  a 
moderate  heat),  is  adapted  for  pills  containing  ferric  chloride, 
tannin,  salicylic  acid,  arsenic,  creosote,  and  the  salts  of  mercury, 
gold,  and  silver. 

For  chemically  indiiferent  substances,  either  the  alkaline  or  acid 
solution  of  keratin  may  be  employed. 

All  pills  intended  to  be  coated  with  keratin  must  be  made  with 
some  fatty  excipient  and  contain  no  appreciable  moisture ;  the  mass 
is  best  made  with  cacao  butter  and  oil  of  sweet  almond,  or  a  mixture 
of  purified  mutton  tallow  or  cacao  butter  10  parts  and  white  or 
yellow  wax  1  part.  After  the  pills  have  been  rounded  they  should 
be  dipped  in  melted  cacao  butter,  which  is  allowed  to  harden ;  they 
are  then  placed  in  a  porcelain  dish,  the  keratin  solution  added  (about 
30  or  40  drops  for  100  pills  of  medium  size)  and  rotated  until  the 
pills  have  become  thoroughly  moistened,  after  which  they  are  dried 
on  parchment  paper,  to  which  they  will  not  adhere.  The  applica- 
tion of  keratin  solution  must  be  repeated  three  or  four  times  and 
allowed  to  dry  each  time. 

The  above  process  is  tedious,  and  in  the  majority  of  cases  the 
following  shorter  method,  proposed  by  Dunning,  will  be  found 
entirely  satisfactory :  1  Gm.  of  keratin  is  rubbed  to  a  smooth  paj^^e 
with  6  Cc.  of  official  spirit  of  ammonia  and  warmed,  while  a  few 
drops  of  water,  sufficient  to  produce  a  clear  solution,  are  added.    The 

Eills  do  not  require  a  coating  of  cacao  butter,  and  having  been  made 
ard  and  dry  are  placed  on  the  points  of  fine  needles,  and  immensed 
one  at  a  time  in  the  solution,  which  is  kept  warm,  the  loss  by  evapo- 
ration being  made  up  by  addition  of  spirit  of  ammonia  and  a  little 
water.     After  immersion  in  the  solution,  the  pill  is  held  in  such  & 

1>osition  that  the  drop  forming  on  the  under  suilaoe  may  be  removed 
)y  a  piece  of  card-board,  after  which  the  needle  is  rotated  for  a  few 
moments  and  then  pushed  through  a  piece  of  card-board  standing 
vertically,  for  the  purpose  of  drying  the  pills.  The  minute  orifice 
left  by  the  needle-point  is  subsequently  closed  with  a  little  of  the 
keratin  solution.  This  plan  is  especially  adapted  to  a  small  number 
of  pills,  12  to  30,  at  the  dispensing  counter. 

Phenyl  salicylate,  or  salol,  being,  like  keratin,  insoluble  in  the 
gastric  juice,  has  also  been  recommended  for  coating  pills  not  to  be 
dissolved  or  disint^rated  until  the  bowels  are  reached.  In  order  to 
be  efficient  3  separate  coatings  of  salol  are   usually  applied.    A 
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ient  quantity  of  salol,  10  grains  for  30  grains  of  pill-mass, 
ig  been  melted  in  a  dish  on  a  wat«r-batli,  is  cooled  just  short  of 
(aling,  when  the  pills  are  added  and  the  dish  rapidly  rotated, 
second  coating  requires  about  the  same  quantity  of  salol,  which 
io  fused  and  applied  a  little  warmer  than  the  first.  I^tly,  a 
er  quantity  of  salol,  about  two-thirds  of  the  first  quantity,  i» 
in  the  same  manner.  Finally,  in  order  to  produce  a  smootli 
I  the  pills  are  rapidly  rotated  in  another  portion  of  salol,  about 
ins  for  20  three^rain  pills,  fused  and  applied  while  quite  warm,, 
station  being  continued  until  the  pills  are  cold. 

THE  OFFICIAL  VTUA. 

he  U.  S.  Pharmacopoeia  gives  working  formulas  for  14  varieties 
ll-roasses,  and  as  these  are  directed  to  be  divided  into  a  definite 
)er  of  pills,  they  are  indicated  under  the  title  "  Pilulte."  The 
"  Massa"  is  applied  to  those  combinations  whicli  are  intended 
kept  on  hand  in  bulk,  being  frequently  prescribed  as  constitu- 
sf  other  pill-masses.  In  the  British  Pharmacopoeia  20  formulas 
ill-masaes  are  given,  but  in  no  case  is  the  mass  directed  to  be 
ed  into  a  given  number  of  parte ;  they  are  all  designated  by 
imple  title  "  Pilula." 


ALPHABTncAL  Liar  o 

a  Kame.  English  Name. 


Pills  of  Aloes     .    ■ 

.■c—i         S  Pill*  of   Aloes  and 
«Fem.  .    \     i^„ 

tidff    .    .   .       Pills  of  Aeafetida   . 

licie    Com-  f  Compound  Calbartic 
ta    .    .   .   .    I     PillB 

licae    Vege-   I  Vew'able  Cathnrtie 


.  t    Pill 
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CompoelUon  of  ewh  PUL 

Pnrified  Aloes 0.13  Gm. 

Soap O.IB    " 

Water  a  sufBcient  quantitj. 

Purified  Aloes 0.07  Um. 

Dried  Sulphate  of  Iron  .  ,  0.07  " 
Aromatic  Powder  ....  0.07  " 
Confection  of  Roee  a  siifficieDt  quantity. 

Purified  Aloes 0.13  Gm. 

MaMic 0.04    " 

Bed  Rose 0.03    " 

IKluled  Alcohol  a  sufficient  quantity. 

Purified  Aloes 0.13  Gm. 

Myrrh 0,06    " 

Aromatic  Powder  ....  0.04  '' 
Syrup  a  sufficient  qiiantitv. 

.\sarelida '.    0.20  Gm. 

Soap .    0.06    "  , 

Water  a  xiifficienl  quantity. 
Comp'dEitractofColocvmhO.OSGm. 
MilJ  Mereurous  Chloride  .    0.06    " 

Reain  of  Jalap 0.02    " 

Gamboge 0,015  " 

Diluted  Alcohol  a  sufficient  quantity. 
Comp'd  Extract  of  Colocv nth  0.06  Gm. 
Eitruct  of  HyomyamuB    .    0.03    " 

"        "   Leptandra    .    .    0.015" 
Resin  of  Podophyllum  .    .    0.01.5  " 

"      "   Jalap 0.02    " 

Oil  of  Peppermint  ....  0.008  Cc 
IMIuted  Alcohol  a  Kuffident  quantity. 
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Latin  Name. 


Pilulie: 


Ferri  Carbonatis 


English  Name. 


Pills  of  Ferrous  Ca^ 
bonate  ( Ferrugi- 
nous Pills)  (Cha- 
lybeate Pills) 


Ferri  lodidi     .    . 


f  Pills      of      Ferrous 
\     Iodide 


Lazatiyae     Com- 
positse   .... 


/  Compound  Laxative 
\     Pills. 


Opii Pills  of  Opium   .   .    •! 

f 

Phosphori    .   .    .       Pills  of  Phosphorus  - 


Podophjlli,  Bella- 
donnse  et  Capsici 


£hei  Compositse 


r  Pills  of  Podophyl- 
\  lum,  Belladonna, 
(     and  Capsicum  .   . 


{Compound   Pills  of 
JRhubarb  .... 


Composition  of  each  PUL 


Ferrous  Sulphate^crystelliz'd  0.16    Gm. 
Potassium  Carbonate  .    .   .    0.08     *' 

Sugar 0.04     " 

Tragacanth 0.01      " 

Altbaa 0.01      " 

Gljoerin  and  Water  a  sufficient  qoaDtity. 

Reduced  Iron 0.01    Om. 

Iodine 0.05      ** 

Glycyrrhiza 0.04     " 

Sugar 0.04      " 

Extract  of  Glycyrrhiza .    .    0.01      ** 

Acacia 0.01      " 

Water  a  sufficient  quantity. 

Aloin 0.013  Gm. 

Strychnine 0.0005  " 

Ext't  of  Belladonna  Leaves  0.008    "" 

Ipecac 0.004    " 

Glycyrrhiza         ....    0.046    " 

Syrup  a  sufficient  quantity. 
Powaered  Opium    ....    0.065  Gm. 

Soap  .........     0.02      •* 

Water  a  sufficient  quantity. 

Phosphorus O.0006  Gm. 

Althiea 0.060    " 

Acacia 0.060    " 

Glycerin  and  Water  a  sufficient  qaantitr. 
Resin  of  Podophyllum  .  .  0.016  Gn. 
Fzt't  of  Belhidonna  Leaves  0.008     " 

Capsicum 0.032    *^ 

Sugar  of  Milk 0.065    ** 

Acacia 0.016    *' 

Glycerin  and  Syrup  a  sufficient  quandtr. 

Rhubarb 0.13     Gro. 

Purified  Aloes 0.10      [; 

Myrrh 0.06 

Oil  of  Peppermint  ....  0.005  Cc. 
Water  a  sufficient  quantity. 


Special  Remarks. 

If  it  IS  de&ired  to  keep  any  of  the  official  pills  in  stock  in  an 
uncoated  condition^  they  should  at  once  be  placed  in  a  mixture  of 
lycopodium  and  powdered  licorice  root,  and  allowed  to  remain  there 
until  dry,  which  may  require  from  four  to  eight  days ;  they  can 
then  be  kept  in  bottles  without  danger  of  moulding  or  losing  their 
shape.  This  plan  is  particularly  advisable  for  the  Compound  anJ 
Vegetable  Cathartic  Pills. 

The  official  Pills  of  Aloes,  of  Asafetida,  and  of  Opium  are  j*' 
simple  in  composition  as  to  require  no  special  comment.  On  acamnt 
of  the  soap  present,  the  addition  of  water  must  be  made  cautiously, 
as  an  excess  will  render  the  mass  too  soft  and  unmanageable. 

Pills  of  Aloes  and  Iron.— The  excipient  for  these  pills,  directeil 
by  the  Pharmacopceia,  unless  recently  made,  is  likely  to  add  consider- 
ably to  the  bulk  of  the  mass,  and  hence  a  little  honey  should  be 
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I  at  the  same  time,  which  is  preferable  to  either  water  or  syrup 
ries  less  rapidly. 

lis  of  Aloes  and  Mastic. — These  pillg,  commonly  kDown 
dy  Webster  Dinner  Pills,  are  prone  to  become  veiy  hard  in 

hence  it  appears  preferable  either  to  make  them  up  fresh  when 
td  or  to  use  a  mixture  of  syrup  aud  water  equal  parts,  or  glyc- 
ind  water  equal  parts,  in  place  of  diluted  alcohol  as  an  excipient. 
nafitic  must  be  used  in  fine  powder,  and  the  three  powders  should 
■W  mixed  before  any  excipieut  is  added. 

>inponnd  Oathartic  Puis.— In  making  these  well-koowa 
powdered  resin  of  jalap  is  to  be  preferred  to  the  pilular  extract 
iriy  directed ;  it  should  first  be  mixed  with  the  gamboge  and 
lel,  aud  finally  with  the  powdered  compound  extract  of  colo- 
I.  A  moderate  quantity  of  water  (fsvj  for  1000  pills),  which 
d  be  added  to  the  mixed  powders  all  at  once,  suffices  to  make 
s&ctory  firm  mass,  provided  the  mixture  be  well  kneaded  in 
oortar.     Compound  Cathartic  Pills  sliould  never  be  put  inb> 

bottles  until  perfectly  dry  and  hard. 

egetable  Oatliartic  rills. — If  the  oi!iciaI  directions  are  care- 
followed,  a  satisfactory  pill-mass  will  be  obtained,  the  softened 
ct  of  hyoacyamus  supplying  the  necessary  moisture.  As  in  the 
of  compound  cathartic  pills,  the  pilular  extract  of  jalap,  no 
r  officially  recognized,  has  been  replaced  by  resin  of  jalap, 
lis  of  f  errons  Oarbonate. — Blaud's  pills,  as  the  official  pills  of 
LS  carbonate  are  more  commonly  termed,  have  probably  caused 
erienced  pharmacists  more  trouble  than  any  other  pill-mass; 
i  partly  owing  to  the  fact  that  physicians  fi-equently  order  equal 
of  ferrous  sulphate  and  potassium  carbonate,  which  render  the 
veri'  deliquescent,  on  account  of  the  excess  of  potassium  car- 
e.     The  official  directions  are  to  triturate  the  iron  salt  and 

together,  and  add  this  mixture  to  the  potassium  carbonate 
Misfy  rubbed  smooth  with  glycerin  and  water  (10  drops  of  each 
veiy  100  pills) ;  the  mass  is  thoroughly  tnturalea  until  it 
les  a  green  color,  and  is  then  incorporated  with  the  tragacauth 
lth»a,  a  little  more  water  being  added  if  necessary.     The  for- 

yields  satisfactory  results,  the  secret  of  success  lying  in  the 
leted  reaction  between  the  iron  and  potassium  salts  before  the 
massing  with   tragacauth  and  althiea.     The  mass  should  be 

out  and  cut  while  still  moderately  soft.  The  official  formula 
ed  on  the  assumption  that  absolutely  pure  jwtassium  carbonate 
«  used,  in  which  case  the  decomposition  will  be  complete,  as 
I  Gm.  of  cr)-sta!li7*d  ferrous  sulphate  require  7.954  Gm.  of 
iium  carbonate,  yielding  6.673  Gm.  of  ferrous  carbonate ;  if 
otas.'iium  carbonate  us^  be  less  than  100  per  cent,  pure,  an 
:  of  ferrous  sulphate  will  be  present. 

r.  H,  B.  Dunnmg,  of  Baltimore,  has  suj^iested  the  following 
cation  of  the  pharmaoopceial  formula,  which  eliminates  the 
anth  and  althtea,  as  these  have  a  tendency  to  make  the  pills 
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tough  and  bard.  Take  of  Ferroiuj  Sulphate  crystals  15  Gm.,  Potas- 
sium Carbonate  8.76  Gm.,  Sugar  1.26  Gm.,  Powdered  Glycyrrhiza 
6.26  Gra.  Rub  the  iron  and  sugar  into  fine  powder,  add  the  potas- 
sium carbonate  previously  powdered,  and  mix  with  40  minims  of 
water.  Triturate  the  mixture  until  dry  and  in  powder,  add  the 
glycyrrhiza  and  sufficient  glucose  to  make  a  smooth  mass,  which 
■divide  into  100  pills.  Pills  made  by  this  formula  retain  their  shape 
and  green  color  for  a  long  time  (over  three  months  in  paper  boxes), 
and  while  assuming  a  darker  color  on  the  outside,  due  to  gradual 
•drying,  the  interior  remains  fairly  soft 

Physicians  sometimes  prescribe  4  drachms  each  of  ferrous  sul- 
phate and  potassium  carbonate  to  be  made  into  100  pilk,  which 
proportions  should  be  changed  to  4  drachms  and  140  grains,  respec- 
tively. In  such  cases  the  following  metliod  of  proceoure  has  been 
used  with  marked  success  for  many  years :  Rub  the  240  grains  of 
<;ry stall  ized  ferrous  sqlphate  into  a  fine  powder  with  30  grains  of 
sugar,  and  mix  with  140  grains  of  potassium  carbonate  also  reduced 
to  powder ;  the  mixture,  which  will  soon  soften  and  change  color, 
•should  be  stirred  from  time  to  time  until  the  reaction  is  complete, 
which  is  known  by  the  disappearance  of  the  granular  condition  and 
the  formation  of  a  green,  smootii,  very  soft  paste.  Now  add  30 
grains  each  of  powdered  starch  and  powdered  acacia,  mass  quickly, 
4ind  roll  out  while  still  soft,  as  the  mass  rapidly  becomes  firm,  and 
may  then  crumble  when  rolled  out. 

Blaud's  pills  are  intended  to  contain  about  0.0667  Gm.  (about  1 
^rain)  of  ferrous  carbonate,  and  cannot  be  kept  on  hand  uncoated  on 
:acoount  of  the  tendency  to  rapid  oxidation  oi  the  iron  salt,  which  is 
retarded,  but  not  entirely  obviated,  by  the  sugar  or  sugar  and  glycerin 
present.  The  pills  should  be  of  a  uniform  deep-green  color,  and  are 
t)est  prepared  fresh  when  wanted.  In  Great  Britain  the  mass  for 
Blaud's  pills  is  officially  recognized  by  the  simple  term  '^Pilula 
Ferri,''  and  its  composition  is  about  the  same  as  that  published  in 
<our  own  Pharmacopoeia. 

puis  of  Ferrous  Iodide.— The  first  step  in  the  manufecture  of  pilU 
of  ferrous  iodide  is  to  mix  the  reduced  iron  with  water  (6  Cc.  for 
100  pills),  then  adding  the  iodine,  and  stirring  until  the  reddish 
tint  of  the  mixture  disappears.  The  glycyrrhiza,  acacia,  and  sugar 
are  now  added,  and  after  thorough  admixture  the  whole  is  evapor- 
ated on  a  water-bath  to  a  pilular  consistence.  The  official  pills  are 
presumably  identical  with  Blancard's  Pills ;  they  contain  an  excess 
•of  iron,  which  aids  in  their  preservation.  Each  pill  is  designed  tn 
contain  about  0.0610  Gm.  (about  1  grain)  of  ferrous  iodide.  Owing 
to  the  heat  generated  by  the  union  of  the  iodine  with  the  finely 
divided  iron,  the  former  should  be  added  slowly,  so  as  to  avoid  Io5? 
by  vaporization,  and  the  mixed  powders  should  not  be  added  until 
all  traces  of  free  iodine  have  disappeared.  When  the  mass  has  been 
evaporated  to  a  proper  consistence  on  a  water-bath  it  ^nll  weiffh 
about  20  Gra.     The  5  Gm.  of  iodine  ordered  in  the  official  formda 
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re  1.104  Gm.  of  absolutely  pure  iroD  to  form  ferrous  iodidp; 
uouDt  of  iron  in  excess  will,  therefore,  depend  upon  the  purity 
;  reduced  iron  used. 

nee  pills  of  ferrous  iodide  are  not,  as  a  rule,  made  extempora- 
ly,  and  are  readily  affected  by  air  and  moisture,  the  Pharmaco- 
very  properly  directs  a  resinous  coating  to  be  applied  ;  a  modi- 
irm  of  tolu  sohition,  which  haa  been  found  preferable  to  the 
i1  ethereal  solution,  has  already  been  referred  to  on  page  361, 
Us  of  Phosphorus. — The  official  directions  for  making  pills  of 
ihonis  are  to  dissolve  the  care&lly  weighed  phosphorus  in 
>form  (5  Ce.  for  100  pills)  contained  in  a  test-tube,  heating 
!  if  necessary  to  facilitate  solution.  Mix  the  althsea  and  acacia, 
he  solution  of  phosphorus,  then  immediately  afterward  a  mist- 
r  glycerin  2  volumes  and  water  1  volume  (4  Co.  for  lOO  pills), 
uickly  form  the  mass.  The  uniform  distribution  of  phosphorus 
liil-mass  is  best  effected  in  a  state  of  solution ,  and  the  choice  of 
)form  as  a  solvent  in  the  official  formula  has  a  double  advantage, 
oform,  besides  being  one  of  the  best  solvents  for  phosphorus 
D,  is  readily  dis^^ipated,  owing  to  its  verj"  volatile  nature,  leav- 
16  phosphorus,  in  a  very  finely  divided  form,  intimately  distrib- 
throughout  the  mixed  powders,  while  its  heavy,  non-inflam- 
!  vapor  hovers  over  the  mortar  during  the  making  of  the  pill- 
thus  protecting  the  phosphorus  against  oxidation.  Phos- 
is,  being  very  inflammable,  must  be  cut  and  weighed  under 
,  hence  the  weighing  of  small  quantities  is  often  attended  with 
difficulty.  A  small  glass  capsule  or  a  watch-crystal,  con- 
ig  some  water,  should  be  carefully  tared,  and  in  it  the  phos- 
is,  having  been  cut  into  small  pieces  under  water  with  a 
life,  should  be  weighed ;  the  pieces  may  be  removed  with  a 
pair  of  forceps,  quickly  dried  by  means  of  filter-paper,  and 
cropped  into  tlie  chloroform  contained  in  a  test-tube. 
losphorus  is  rapidly  oxidized,  particularly  in  a  state  of  fine 
on ;  hence  pills  of  phosphorus  should  be  coated  as  soon  afler 
nave  been  made  as  possible ;  as  in  the  case  of  pills  of  ferrous 
■,  the  modified  solution  of  Ixilsam  of  tolu  is  preferable  to  the 
.1  ethereal  solution. 

le  official  method  for  incorporating  phosphorus  in  a  pill-mass 
ilso  be  followed  when  phosphorus  is  ordered  in  combination 
other  remedial  agents,  such  as  quinine  sulphate,  extract  of  nux 
a,  etc.  If  phosphorus  be  extensively  used  in  pill  form, 
er  plan  is  to  prepare  a  10  pr  cent,  intimate  mixture  of 
ihonis  and  rosin,  as  follows :  Weigh  off  1  Gm.  of  phosphorus 
lelt  the  same  by  placing  it  in  a  mortar  containing  hot  water 
joiling) ;  now  add  9  Gm.  of  rosin,  which  softens  in  the  hot 
,  and  mix  the  phosphorus  and  rosin  intimately  by  triturating 
kneading.  Pour  on  the  water  and  preserve  the  phosphor- 
resin,  after  it  has  been  dried  between  filter-paper,  in  a  small, 
y  stoppered  bottle  in  a  dark  place.     Each   gramme  of  this 
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preparation  represents  0.100  Gm,  of  phosphoms,  or  10  grains  equal 
1  grain^  and  may  be  conveniently  weight  without  danger  of  igni- 
tion. It  keeps  well  for  some  time^  but  gradually  the  phosphorus 
becomes  oxidized/ the  change  beginning  on  the  exterior  and  slowly 
extending  inward. 

Oomponnd  Pills  of  Rhubarb. — Compound  pills  of  rhubari)  will 
become  very  hard  by  age^  and  as  they  are  not  often  called  for, 
it  is  decidedly  better  to  keep  the  ingredients  properly  mixed,  in 
a  glass-stoppered  bottle^  ana  make  the  mass  when  required.  A 
mixture  of  syrup  and  water,  or  glycerin  and  water,  may  be  used 
with  advantage  in  place  of  water^  as  in  the  case  of  .pills  of  aloes 
and  mastic. 

THE  OFFICIAL  UASSES. 

As  stated  before^  these  masses  are  usually  employed  as  constit- 
uents of  other  pill-masses ;  they  are  Massa  Ferri  Carbonatis  and 
Massa  Hydrargyri.  The  latter  only  is  of  sufficiently  firm  oonsisteDce 
to  admit  of  bemg  rolled  into  pills  which  will  retain  their  spherical 
shape  without  the  addition  of  absorbents^  except  when  freshlj  made 
in  warm  weather. 

Mass  of  Ferrous  Oarbonate,  or  Yallef  s  Mass,  is  a  mixtare 
of  ferrous  carbonate,  sugar,  and  honey.  Even  when  very  carefully 
made,  so  as  to  contain  the  full  amount  of  iron  salt,  it  is  never  of  a 
pilular  consistence,  but  always  in  the  form  of  a  rather  tenacioos 
paste.  The  Pharmacopoeia  directs  the  preparation  of  ferroos  car- 
bonate by  mixing  cooled  and  filtered  solutions  of  ferrous  sulphate 
and  sodium  carbonate,  made  respectively  with  crystallized  ferrous 
sulphate  100  Gm.,  boiling  distilled  water  200  Cc.  and  syrup  20  Ca. 
and  monohydrated  sodium  carbonate  46  Gm.  and  boiling  distilled 
water  200  Cc,  and  then  washing  the  resulting  precipitate  well  with 
sweetened  water  (syrup  1  volume,  distilled  water  19  volumes)  until 
the  newly  formed  sodium  sulphate  has  been  removed ;  the  washing  is 
best  performed  by  decantation  in  fiasks  having  a  narrow  neck,  and 
which  can  be  tightly  stoppered.  The  precipitate  is  then  drained 
on  a  strainer,  mixed  with  clarified  honey  38  Gm.  and  sugar  20  Gro-. 
and  the  whole  evaporated  in  a  tared  capsule,  with  constant  stirriogi 
until  reduced  in  weight  to  100  Gm. 

The  iron  solution  should  be  poured  slowly  into  the  alkaline  solu- 
tion and  the  fiask  frequently  rotated  as  long  as  carbon  dioxide 
escapes,  after  which  it  is  filled  with  distilled  water,  corked,  and  set 
aside.  The  object  of  adding  syrup  to  the  iron  solutioDy  and  of  the 
subsequent  washing  of  the  precipitate  with  sweetened  water,  is  to 
prevent  oxidation  of  the  iron  salt  as  far  as  possible.  Instead  of 
distilled  water,  pure  river  or  spring  water  recently  boiled  mav  be 
used  throughout  the  process. 

Theoretically  the  official  product  should  contain  about  42  per 
cent,  of  ferrous  carbonate,  as  100  Gm.  of  crystallized  ferrous  sulphate 


ield  42  Gm.  of  the  carbonate,  but  as  tbere  is  always  some 
jring  the  washing  process,  the  finished  mass  rarely  contains 
than  36  per  cent.,  and  this  much  only  if  care  haB  been 
fid  to  prevent  oxidation  by  rigid  exclusion  of  air.  Freshly 
ilated  ferrous  carbonate  is  greenish  gray,  gradually  deepening 
)r,  and  the  finished  mass  is  decidedly  ff^^^^,  ^^^  should  not 
iWD,  which  would  indicate  oxidation.  When  Vallet's  mass  ia 
d  to  stand  for  some  time,  even  in  well-covered  jars,  it  becomes 
1  the  surface  and  assumes  a  blackish-green  color.  The  change 
Is  to  the  interior  very  slowly,  being  due  to  the  gradual  escape 
listure. 

Va  of  HercTiry,  better  known  as  Blue  Mass  or  Blue  Pill,  is 
bly  the  most  familiar  of  all  pill-masses.  In  the  official 
la  33  parts  of  mercury  are  triturated  with  a  mixture  of  9 
of  glycerin  and  33  parts  of  honey  of  rose,  until  extinguished, 
icia  character  of  the  vehicle  enabling  a  rapid  division  into 
«  globules.  When  mercury  is  no  longer  visible  to  the  naked 
Dd  the  mixture  has  assumed  a  uniform  brownish-gray  appear- 
10  parts  of  powdered  licorice  root  and  15  parts  of  powaered 
1  are  gradually  added  with  constant  trituration,  until  the  mer- 

9  BO  finely  divided  that  it  cannot  be  detected  with  a  lens  of  at 

10  diameters  magnifying  power.  Blue  mass  contains  33  per 
>f  metallic  mercury,  which  probably  undei^es  slight  super- 
ixidation  in  the  course  of  time,  but  is  well  protectm  by  the 
ingredients. 


CHAPTER   XXIX. 

CONFECTIONS  AND  LOZENGES. 

OONFEOTIONS. 

This  class  of  medicinal  preparations  still  finds  recognitioa  in  the 
leading  pharmacopoeias,  although,  in  this  country  at  least,  they  are 
very  rarely  used  by  physicians.     At  one  time  the  incorponttion  of 
saline  and  v^etable  remedial  agents  with  honey  or  fruit-pulp  was  & 
favorite  mode  of  medication,  such  being  the  invariable  composition 
of  electuaries  or  confections,  which  were  dispensed  in  the  form  of 
a  thick,  semifluid   mass.     When   made  with   honey,  or  with  the 
addition  of  glycerin,  confections  retain  their  original  soft  condition 
for  a  long  time ;  but  if  made  with  fruit-pulp,  or  sugar  and  water, 
the  moisture  gradually  evaporates  and  the  mass  becomes  dry  ani 
hard.     All  m^icinal  ingredients  must  be  added  in  the  form  ot 
impalpable    powder,   and    heavy   metallic  salts  should  never  be 
employed,  as  they  are  prone  to  sink  to  the  bottom  and  thus  become 
separated.     Whenever  essential  oils  are  to  be  incorporated  in  con- 
fections, they  should  first  be  triturated  thoroughly  with  some  finely 
powdered  sugar ;  narcotic  extracts  or  other  potent  remedies  should 
be  added  in  the  form  of  solution,  so  as  to  insure  their  uniform  dis- 
tribution throughout  the  soft  mass. 

The  U.  S.  Pharmacopoeia  at  present  recognizes  but  2  confections, 
and  the  Grerman  Pharmacopoeia  1 — Electuarium  SennoB;  while  the 
British  Pharmacopoeia  still  retains  4 — confection  of  peppery  row*, 
senna^  and  svlphur. 

The  OfficiaJ  Oonfectioiis. 

Oonfectio  Bosas. — Confection  of  rose,  which  at  one  time  was 
largely  used  as  a  favorite  excipient  for  certain  pill-masses,  possesses 
little  or  no  medicinal  virtue.  It  is  made  by  rubbing  80  Gm.  of  red 
rose  leaves,  in  No.  60  powder,  with  160  Cc.  of  stronger  rose  water, 
previously  heated  to  65°  C.  (149*'  F.),  for  the  purpose  of  reducins 
the  rose  petals  to  a  pulpy  condition,  and  then  gradually  adding  1-'' 
Gm.  of  clarified  honey  and  640  Gm.  of  finely  powdered  sugar. 

Oonfectio  Sennad. — Confection  of  senna,  sometimes  called  hi 
under  the  name  of  lenitive  electuary,  if  carefully  prepared,  presents 
an  agreeable,  mild  laxative  preparation.  The  Pharmacopoeia  diiwts 
that  100  Gm.  of  tamarind,  70  Gm.  of  prune,  120  Gm.  of  fig,  and 
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im,  of  cassia  fistula  be  digested  with  500  Cc.  of  water  for 
hours  OH  a  waler-bath.  The  coarser  portions  are  then  to  be 
ited  with  the  hand  and  the  pulpy  mas^  rubbed  first  through  a 
hair  sieve,  and  then  through  a  fine  one  or  through  a  muslin 
This  treatment  with  the  hands  is  objectionable,  and  by  no 
\  necessary,  for  if  the  digestion  be  carried  on  on  a  boiling 
-bath  for  three  hours,  with  occasional  stirring  by  means  of  a 
glass  rod  or  a  porcelain  spatula,  the  pulpy  mixture  can  easily 
!sed  through  a  nair  sieve  with  the  aia  of  a  horn  spatula.  The 
e  remaining  in  the  sieve  is  again  digested  for  a  short  time 
150  Cc.  of  water,  the  mixture  treated  as  before,  and  the  prod- 
Ided  to  the  pulpy  mass  first  obtained.  In  the  pulpy  liquid 
rra.  of  sugar  are  dissolved  and  the  whole  evaporated  to  895 
to  which  while  yet  warm  are  added  100  Gm.  oi  senna,  in  No. 
ivder,  and  5  Gm,  of  oil  of  coriander.  It  will  be  found  advis- 
nstead  of  adding  the  oil  directly  with  the  senna  to  the  pulp, 
turate  it  thoroughly  first  with  about  60  Gm.  of  sugar,  which 
1  be  reserved  for  tliat  purpose  out  of  the  original  quantity. 

LOZENGES  OB  TKOOHES. 

zenges  are  solid,  flattened  masses  of  round,  oval,  or  other 
ble  shape,  not  intended  for  mastication,  but  to  be  dissolved 
'  in  the  mouth,  therefore  not  adapted  for  medicines  which  are 
ed  to  undergo  disintegration  in  the  stomach  prior  to  any 
leutie  action.  In  one  or  two  cases  the  cylindrical  form  is  pre- 
,  as  for  the  well-known  licorice  lozenges  and  Wi8tar*s  cough 
'es.  The  renie<lial  action  of  lozenges  is  generally  designed  to 
rely  local,  /eitheg  as  an  expectorant,  demulcent,  stimulant, 
>'e,  astringent,  or  antiseptic. 

e  usual  base  or  vehicle  for  lozenges  is  sugar  (that  known 
;  cunfectionera  aa  lozenge  sugar  being  preferred),  although 
red  extract  of  licorice  also  is  added  at  times,  and,  of  late 
fruit  paste,  made  from  black  or  red  currants,  has  come  exten- 

into  use  for  certain  kinds  of  lozenges.  Adhesiveness  is 
ed  by  the  addition  of  tragacanth  or  acacia,  and  syrup  or  water 
or  aromatic)  is  used  to  supply  the  necessary  moisture.  All 
nal  constituents,  as  well  as  the  sugar  or  extract  of  licorice 

be  in  very  fine  powder  to  insure  a  smooth  paste,  and  potent 
tea,  wherever  |>o3sible,  should  be  added  either  in  the  form  of 
n  or  triturated  with  a  small  quantity  of  sugar  before  being 
with  the  other  ingredients,  so  as  to  insure  uniform  distribu- 
Tragflcanth  is  preferable  to  acacia  for  making  a  lozenge-mass, 
resulting  paste  is  more  tenacious ;  in  both  cases  the  mucilage 
B  preferred  to  the  powder  with  the  subsequent  addition  of 
aa  in  the  latter  case  it  is  often  difficult  to  avoid  an  excess  of 
re,  which  retards  subsequent  drying. 
!  British   Pharmacopceia  (1898)  admits   acacia  only  as  the 
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adhesive  agent  for  lozenges^  and  designates  four  distinct  bases  or 
vehicles  of  •  the  following  composition :  Simple  bams — sugar  49$ 
Gm.,  powdered  acacia  19.5  Gm.,  mucilage  of  acacia  35.5  Co.,  water 
a  sufficient  quantity.  Fruit  basis — sugar  439.5  Gm.,  powdered 
acacia  19.5  Gm.,  mucilage  of  acacia  35.5  Cc.^  black-currant  paste 
56.75  Gm.,  water  a  sufficient  quantity.  Rose  basis — sugar  496  Gm., 
powdered  acacia  19.5  Gm.,  mucilage  of  acacia  17.5  Cc,  rose  water 
a  sufficient  quantity.  Totu  basis — sugar  482  Gm.,  powdered  acacia 
19.5  Gm.,  mucilage  of  acacia  35.5  Co.,  tincture  of  tolu  10.5  Cc, 
water  a  sufficient  quantity.  Instead  of  giving  individual  formulas 
for  making  the  17  varieties  of  lozenges  recognized,  a  general 
formula,  amusted  for  500  lozenges,  is  given  under  the  head  of  each 
basis,  as  follows:  500  times  the  quantity  of  medicinal  agent  required 
for  one  lozenge  is  intimately  mixed  with  the  sugar  and  acacia,  and  a 
paste  then  made  with  the  other  ingredients,  which  is  divided  into 
500  equal  parts  and  dried  at  a  moderate  temperature. 

Lozenge-masses  are  made  after  the  manner  of  pill-masses,  except 
that  more  adhesive  material  is  used,  and  the  paste  is  made  some- 
what softer.  The  proportion  of  powdered  tragacanth  necessary  for 
a  well-made  plastic  mass  may  vary  from  1  to  3  per  cent  of  the 
total  weight  of  the  mixed  powders  (acacia  about  three  or  four  times 
as  much) ;  and  in  making  the  mass  the  necessary  water  or  ^nip 
should  be  added  cautiously,  and  the  mixture  well  kneaded  aAer 
each  addition,  so  as  to  avoid  too  soft  a  condition,  which  readily 
occurs  on  account  of  the  great  solubility  of  the  sugar.  A  good  plan 
is  to  follow  the  su^estion  of  Hager,  to  reserve  about  one-fifth  of 
the  powder,  and  when  the  remaining  four-fifths  have  been  made 
into  a  plastic  mass,  quickly  incorporate  the  reserve  portion,  which 
can  be  done  without  risk  of  the  mass  becoming  dry  and  crambly. 
For  massing  small  quantities  of  material  a  Wedgewood  mortar  and 
pestle  will  be  found  quite  convenient,  while  for  large  quantities  the 
pill-mass  mixers  shown  on  page  345  are  preferable. 

Aft;er  a  suitable  mass  has  been  made,  it  is  transferred  to  a  hard- 
wood board  or  a  stone  slab,  rolled  out  into  either  a  flat  sheet  or  a 
cylinder,  and  divided  into  the  reouisite  number  of  parts.    When 
cylindrical  lozenges  are  to  be  made,  the  mass  is  roll^  out  without 
dusting  and  divided  into  pieces  about  five-eighths  of  an  inch  io 
length,  by  means  of  a  special  cutter.     In  order  to  prevent  the  mass 
from  adhering  the  flat  roller  may  be  lightly  rubbed  with  a  very 
small  quantity  of  oil  of  sweet  almond.     For  flat  lozenges  the  mass 
is  conveniently  rolled  out  into  a  sheet,  the  required  thickness  of 
which  must  be  ascertained  by  experiment ;  this  is  done  by  dividinj 
the  weight  of  the  whole  mass  by  the  number  of  lozenges  to  be  made, 
then  weighing  off  as  many  grains  of  the  mass  as  correspond  to  tbe 
quotient  obtained,  and  forming  this  into  a  lozenge  by  means  of  % 
punch  or  spatula.     As  every  well-made  lozenge-board  is  provided 
with  guides  and  screws  for  regulating  different  thicknesses,  no  diffi- 
culty will  be  experienced  in  adjusting  the  side  strips  to  the  proper 
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ght,  and  then  rolling   out  the  tnase  by  means  of  a  cylindrical 
ler,  as  shown  in  Fig.  239.     To  prevent  adhesion  of  the  mass,  the 


flhowJoi  tb*  nuamct  of  idUIds  oat  tbe  lomice-nuMi. 

,rd  may  be  dusted  with  a  little  starch  or  a  mixture  of  starch  and 
ar. 

Fia.240. 


/ 


i 


A 


FTDCter's  loictige-boiM. 


The  lozenge-board  lately  designed  by  Wallace  Procter  ie  very 
fal  and  simple  in  construction,  as  shown  in  Fig.  240.     A  is  a 
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board  of  well-seasoned  hard  wood^  1}  inches  thick,  10  inches  vide, 
and  14  inches  long,  planed  perfectly  flat,  and  both  sides  and  ends  made 
square  and  true.  At  each  side,  about  3  inches  from  one  end,  a  plate 
is  let  in  flush  and  tapped  with  a  screw,  as  shown  in  B.  On  each 
side  of  the  board  a  plate  of  brass,  14  inches  wide,  14  inches  loDg, 
and  ^  of  an  inch  thick,  is  fitted.  fSich  plate  has  two  slots  crossing 
it  diagonally  (see  C)  f  of  an  inch  from  each  edge ;  these  slots  must 
have  exactly  the  same  slope,  and  the  front  slot  should  be  ruled  to 
divisions  of  ^  of  an  inch.  Through  one  slot  of  each  plate  a 
square-shouldered  screw  passes,  and  is  sc^wed  in  until  it  presses  the 
plate  close  to  the  side  of  the  board,  but  still  permits  it  to  move 
easily ;  through  the  other  slot  in  each  plate  [)asses  a  set-screw,  which 
enters  the  screw-plate  before  mentioned.     When  the  plates  have 

Fig.  241. 


nuTiflon's  losenge-board. 

been  adjusted  to  a  given  height  the  set-screws  are  turned  until  they 
prevent  motion  of  the  plate. 

Harrison's  lozenge-board  (see  Fig.  241),  which  has  been  known 
for  many  years,  consists  of  two  frames  of  wood,  of  which  one  moves 
forward  and  backward  inside  of  the  other  in  grooves  cut  into  the 
outer  frame ;  the  board  on  which  the  mass  is  rolled  rests  finnlv  on 
the  inner  frame,  and  has  fastened  to  its  bottom  two  bevelled  strips 
corresponding  to  similar  strips  attached  to  the  frame.  By  means  of 
a  screw  the  inner  frame  can  be  pushed  forward,  and  the  board  thu? 
forced  upward  (see  Fig.  242).  As  the  bevels  give  f  of  an  inch  ri*. 
for  which  15  complete  revolutions  of  the  screw  are  required,  each 
half-turn  of  the  screw  will  cause  a  rise  of -A  of  an  inch  ;  in  thi*  waj 
any  required  thickness  of  the  mass  can  be  obtained.  The  outer  fram*? 
is  stationary,  the  sides  projecting  |  of  an  inch  above  the  ends,  and 
serving  as  a  support  for  the  rolling-pin,  which  is  also  provided  witi 
a  flange  at  each  end  to  keep  it  in  proper  position.     While  the  rolling" 
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a  are  usually  made  of  wood,  eteel  or  glass  rollers  may  also  be 
d,  the  former  beiog  particularly  desirable  when  beat  is  to  be 
aloyed. 

Flo.  242. 


Hkrrlioii'i  losense-'iouil  (Hctlanal  view). 


rhe  punches  used  for  cutting  lozenges  are  usually  in  the  form  of 
iring  cylinders  made  of  heavily  tinned  iron,  and  frequently  pFO- 
ed  with  sharp  cutters  of  hardened  steel,  the  shape  of  which  varies 
[i  the  iancy  of  the  operator ;  sometimes  they  are  made  with  straight 
»  and  fitted  with  a  plunger,  operated  by  a  spring,  for  the  ready 
ulsion  of  the  lozenges.     Figs.  243,  244,  and  245  represent  some 


1*1d  tin  lOMiige-ciitter.     Tin  loienge-pnnch  witb  tUcl 


^he  usual  Btyles.  In  lai^  manufacturing  establishments  ten  or 
Ive  cutters  are  frequently  combined  and  operated  as  one,  greatly 
editing  the  work.  Whenever  it  is  desired  to  stamp  lozenges 
1  some  epeciat  letter  or  design,  this  is  done  at  the  time  of  cutting 
n,  the  plunger  being  provided  with  the  necessary  die. 
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As  the  preparation  of  lozenges  has  almost  entirely  passed  oat  of 
the  hands  of  the  retail  pharmacist,  very  few  stores  are  now  provided 
with  suitable  appliances  for  making  them.  When  a  small  Dumber 
of  lozenges  is  wanted  extemporaneously,  a  stiff  mass  should  be  node 
in  order  to  facilitate  subsequent  drying ;  it  may  then  be  rolled  oat 
on  a  pill-maohine  or  pill-tile,  to  be  cut  into  the  requisite  number  of 
parts,  each  of  which  should  be  given  a  globular  shape  and  then  flu- 
tened  into  a  suitable  disk,  for  which  purpose  the  simple  appmtos 
shown  in  Fig.  246  will  be  found  very  convenient.  This  ooosiste  of 
a  brass  or  steel  tube,  about  2  or  3  inches  long,  |  to  4  of  an  inch  in 
diameter,  and  of  -^  or  -^  of  an  inch  in  thickness ;  the  bore  of  the  tube 
most  be  uniform  and  smooth  and  the  ends  square,  otherwiae  tbe 
lozenges  will   present  an  irregular  appearance.      A  plunger  vxa- 


Lownga  appanitiu. 


BooilbrloieDge  appgAtn*. 


rately  fitting  the  tube,  preferably  made  of  the  same  metal,  is  neces- 
sary ;  it  should  be  of  the  same  length  as  the  tube,  and  provided  n'ilb 
a  top  about  an  inch  long,  exactly  covering  the  outside  diameter  of 
the  tube.  It  is  desirable  that  both  parts  be  nickel-plated.  To  shape 
the  lozenges  properly,  the  globular  mass,  slightly  dusted  with  starrh 
and  sugar  or  lycopodium,  is  placed  in  the  cylinder,  restin^e  upon  s 
metallic  base,  which  consists  of  a  niclcel-plated  piece  of  rteel  or 
brass,  about  2  inches  square  and  ^  inch  thick,  set  in  a  block  of 
hard  wood  (see  Fig.  247) ;  the  plunger  having  been  inserted,  it  if 
struck  a  quick,  sharp  blow  with  a  mallet,  afler  which  the  cylinder  if 
raised  and  the  lozenge  expelled  by  slightly  tapping  the  plunger  with 
the  mallet.     The  apparatus  shown  on  page  384,  tig.  248,  may  als 
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imployed  for  shaping  lozenges,  although  it  is  inferior  to  the 
re  for  compressing  masses,  owing  to  the  projection  of  the  base 

the  cylinaer. 

lelatin  lozenges,  variously  medicated,  have  been  in  use  for  some 
!,  more  })articularly  in  Eun>pe.  They  are  composed  of  a  mixture 
«1atiu,  glycerin,  and  water,  holding  the  medicinal  ingredients 
IT  in  solution  or  simple  admixture.  The  base  is  ot^en  termed 
o~gelatin,  and  is  made  bv  macerating  gelatin  with  water  on  a 
T-bath,  and  then  adding  glycerin  ;  two  kmds,  containing  different 
tortions  of  gelatin  and  glycerin,  are  in  use.     A  mixture  of  gela- 

1  ounce ;  orange-flower  water,  2J  ounces ;  and  glycerin,  2| 
:es  (by  weight),  yields  the  softer  variety,  which  is  very  readily 
ble  in  the  mouUi ;  whereas  a  mixture  of  gelatin,  6  ounces ; 
ige-flower  water,  6  ounces ;  and  glycerin,  6  ounces  (by  weight), 
wrated  to  15  ounces,  produces  a  much  firmer  mass,  dissolving 
e  slowly,  but  probably  better  adapted  for  stock  lozenges  in  this 
ude  ;  in  the  latter  case  at  least  twelve  hours'  maceration  should 
^iveo  the  gelatin  and  water  before  adding  the  glycerin  and 
ying  heat.  Gelatin  lozenges  must  always  be  made  with  the  aid 
leat,  and  the  mass  after  thorough  admixture  with  the  medicinal 
edients,  while  still  in  a  melted  condition,  is  poured  into  snitable 
Ids,  where  it  rapidly  congeals.  A  very  convenient  mould  for  a 
II  number  of  the  lozenges  is  found  in  the  two  side  plates  of  the 
iseal  filling  apparatus  shown  on  page  404,  If  either  of  these 
iS  be  laid  upon  a  cold  porcelain  or  glass  plate,  the  mixture  may 
x>ured  directly  into  tne  iiarticular  penorations  selected,  and 
n  cold  the  lozenges  are  easUy  removed  by  being  pushed  through 
perforations.     The  proper  quantity  of  gelatin  mass  to  use  for 

particular  case  is  ascertiuned  by  filling  the  perforations  with 
:  of  the  melted  plain  mass,  and  when  cold  weighing  the  disk  ; 
leeping  a  memorandum  of  the  weight  of  such  disks  much 
>jance  and  labor  can  be  saved.  Gelatin  lozenges  vary  in  weight 
1  0.3  to  I.O  Gm.  (5  to  15  grains). 

lelatin  lozenges,  while  admirably  adapted  for  the  exhibition 
ich  substances  as  cocaine,  boric  acid,  carbolic  acid,  etc.,  are 
ited  for  tannin,  extract  of  rhatany,  and  other  agents  incom- 
•ie  with  gelatin. 

bocolate  lozenges,  also  known  as  chocolate  tablets  and  chocolate 
lies,  or  simply  as  chocolates,  may  be  conveniently  made  at  the 
'nsing-counter  as  follows:  The  medicinal  ingredients  are  inti- 
\y  mixed  with  powdered  sugar  previously  flavored  with  vanilla, 
jn  cinnamon,  peppermint,  or  other  flavoring  agent  (see  Oil- 
's), and  the  mixture  then  added  to  three-fourths  of  ite  weight 
ocolate,  in  mass  or  powder,  contained  in  a  mortar  or  porcelain 
By  means  of  water-bath  heat  a  sofl  mass  is  obtained,  which 
iroughly  mixed,  and  when  cool  divided  into  the  requisite  unm- 
f  parts  on  a  lozenge-board  or  a  pill-tile.  Chocolate  lozenges 
in    weight  from  0.3  to  1.0  Gm.  (5  to  15  grains),  and  are  not 
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intended  to  be  dissolved  slowly  in  the  mouthy  but  to  be  swallowed 
with  or  without  previous  mastication. 

Lozenges  intended  for  immediate  use  do  not  require  muchdryiug, 
but  those  intended  for  stock  must  be  thoroughly  dried  before  the? 
are  put  away  in  glass  containers,  otherwise  they  are  liable  to'  soften 
and  adhere,  and  may  even  become  mouldy.  The  drying  is  best 
effected  on  perforated  trays  in  a  moderately  warm  room.  To  avoid 
cracking  of  the  edges,  which  will  sometimes  occur  when  lozenges 
are  dri^,  the  addition  of  a  small  quantity  of  glycerin  to  the  water 
used  will  be  found  advantageous,  and  does  not  interfere  with  proper 
desiccation. 

The  average  weight  of  lozenges  is  between  0.650  and  1.30  Gm. 
(10  and  20  grains),  although  in  the  nine  working  formulas  of  the 
Pharmacopoeia  the  weight  is  found  to  vary  between  0.40  and  0.96 
Gm.  (6  and  15  grains). 

The  following  is  a  list  of  the  official  lozenges,  showing  the  com- 
position and  excipient  used : 


Latin  Name. 
Trochisci : 

Acidi  Tannici     .   . 


Table  of  Official  Lozengbb. 

English  Name.  Composition  of  each  Lounge. 


Aiumonii  Chloridi  . 


Troches  of  Ttonic 
.  Acid 


Troches  of  Ammo- 
nium Chloride 


Gambir 


L 


Glycyrrhizffi  et  Opii  | 


Troches  of  Gam- 
bir (to  replace 
the  troches  of 
catechu,  for- 
merly official ) 


Troches  of  Lico- 
rice and  Opium 


Krameriffi    .... 


Potassii  Chloratis  . 


{ 


Troches  of 

Krameria 


Troches  of  Potas- 
sium Chlorate 


Cubebse Troches  of  Cubeb    ' 


A 


TkmiicAcid 0.060Giil 

Sugar 0.650  " 

Tragacanth 0.020  - 

Stronger  Orange  Flower  Water  a  suffi- 
cient quantity. 
Ammonium  Chloride     .   .  .  0.100  Gnu 
Extract  of  Glycvrrhia  .   .  .  0.200  " 

Tragacanth aOSO  " 

Sugar 0.400  " 

Syrup  of  Toln  a  sufficient  quantity. 
Oleoresin  of  Cubeb    .   .   .  .O.Oa0GoL 

Oil  of  Sassafras aOlOCc. 

Extract  of  Glycyrrhiza  .   .  .  a250  Gm. 

Acacia 0.120 

Syrup  of  Tolu  a  sufficient  quantity. 

Gambir        0.060Gol 

Sugar 0.650  " 

Tragacanth 0.020  " 

Stronger  Orange  Flower  Water  a  ?uffi- 

cient  quantity. 
Extract  of  Gljrcyrrhiaa  .   .  .  0.150  Go- 
Powdered  Opium 0.005  * 

Acacia 0.120 

Sugar 0.200 

Oil  of  Anise    ......  .0.002Cc 

Water  a  sufficient  quantity. 

Extract  of  Kramena     .   .  .  0.060  Gm. 

Sugar a650  ** 

Tragacanth O.O20  ^ 

Stronger  Orange  Flower  Water  a  soft- 

cient  quantity. 
Potassium  Chlorate    .   .   .   .0.150  Gb. 

Sugar a600  - 

Tragacanth .  a030  - 

Water  a  sufficient  quantity. 
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EDBltih  Name.  CompoaKloa  of  each  Loienie. 


Santonin 0.030  Um. 

SugM 0.900    ■' 

Trngacamh 0.030    " 

Stronger  Orange  Flower  Water  a  Buffi- 

cienl  quantity. 
Sodium  Bicarbonate  ....  O.ISO  Gm. 

Sugar 0.&40    " 

Nutmeg 0,010    " 

MucilaKB    of    Tragacanth  a  sufficient 

quantity. 


r  TroebM    of  San- 


CHAPTER  XXX. 

COMPRESSED  TABLETS  AND  TABLET  TBITUEATES, 

OOMPBESSED  TABLETS. 


This 


^'com 


IIS  class  of  remedies,  allied  to  lozenges^  under  the  name 
pressed  pills,"  was  introduced  into  England  nearly  sixty  years 
4igo,  and  some  years  later  into  this  country.  The  former  name, 
■although  in  a  measure  erroneously  applied,  because  pills  are  unde^ 
stood  to  be  made  from  a  previously  prepared  plastic  pill-mass,  is  still 
used  by  one  or  two  manufacturers.  Compressed  tablets  are  lenticu- 
lar-shaped disks  containing  one  or  more  medicinal  agents,  and  are 
obtained  by  compressing  the  material  in  the  form  of  a  granular 
powder  into  suitable  shape  by  means  of  specially  constructed  appa- 
Tatus  operated  by  hand,  steam,  gas,  or  electric  power. 

Compressed  tablets,  although  greatly  in  favor  among  physicians, 
for  many  years  left  much  to  be  desired,  and  it  is  doubtful  whether 
their  extended  use  was  justified,  since  the  firm  compression  rendered 
many  of  them  slowly  soluble,  while  those  containing  insoluble  sab- 
stances  failed  to  break  up  in  water  or  the  fluids  of  the  stomach, 
even  after  hours  of  contact,  so  that  the  action  of  such  tablets  was 
-either  very  much  retarded  or  altdgefher  prevented.  Of  late  years, 
however,  great  improvements  have  been  made  in  this  respect,  and 
-compressed  tablets  are  now  made  in  such  form  that  they  will  disn- 
tegrate  within  a  few  seconds  when  placed  in  water.  This  rapid 
^nd  complete  disintegration  is  especially  desirable  for  such  inaoltAAe 
substances  as  bismuth  subnitrate,  bismuth  subgallate,  calcined 
magnesia,  quinine  sulphate,  and  various  combinations  of  these  with 
•other  substances.  Its  achievement  must  be  admitted  to  be  a  decided 
and  valuable  irnprovement,  and  the  process  by  which  it  is  done  is 
quite  simple.  The  admixture  of  powdered  starch  with  the  granu- 
lated mixture  as  it  is  being  fed  into  the  compressor  is  known  to 
impart  to  the  tablet  its  disintegrating  property,  the  exact  quantitr 
of  starch  necessary  varying  with  different  combinations.  It  is  pc^ 
sible  that  manufacturers  employ  other  agents  in  addition  to  stardi, 
with  a  view  to  increasing  the  rapidity  of  disint^ration  of  the 
tablets ;  but  if  so,  such  additions  are  not  made  pubUc,  and  the  secret 
is  strictly  guarded ;  plain  starch,  however,  has  been  found  very  effi- 
-cient.  In  addition  to  this  improvement,  the  ready  portability  or 
•compressed  tablets,  their  convenient  dosage,  and  comparative  taste 
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ness  when  swallowed,  together  with  their  stahility  when  properly 
le  and  kept,  have  at  the  present  day  increased  their  manufacture 
use  to  an  enornious  extent.  The  fact  that  compressed  tablets 
'  be  readily  sugar-coat«d  or  chocolate-coated  has  also  added 
ih  to  their  popularity.  The  variety  of  combinations  of  medici- 
Bgeots  capable  of  being  presented  in  this  form  is  practically 
]out  limit.  Nevertheless  not  all  medicaments  are  suitable  for 
paration  into  compressed  tablets.  This  is  especially  the  case  with 
J  volatile  or  readily  oxidizable  substances,  since  in  the  necessary 
OBure  of  the  material  during  its  preparation  for  compression  con- 
rable  loss  by  volatilization  is  likely  to  occur,  as  in  the  case  of 
phor,  or  the  material  is  changed  by  oxidation,  as  in  the  case  of 
Bphorus.  For  such  substances  a  well-made  pill  properly  pro- 
ed  by  a  coating  is  to  be  preferred. 

It  is  manifestly  impossible  to  give  complete  working  directions 
the  preparation  of  every  possible  combination  of  remedial 
Its  into  compressed  tablets,  and  much  must  be  left  to  the  judg- 
t  of  the  operator  as  each  case  presents  itself.  The  general 
ciples  underlying  this  branch  of  pharmaceutical  maniuula- 
s,  however,  are  elucidated  here.  The  first  object  must  be  to 
in  the  material  to  be  compressed  in  the  condition  of  a  fairly 
bnn  granular  powder,  a  No.  20  or  No.  30  granule  being  the 
il  degree  of  fineness  employed.  Fine  powders  are  not  adapted 
compression,  since  the  air  which  they  carry  with  them  whea 
into  the  die  is  confined  in  the  interstices  between  the  particles, 
cannot  escape  upward  or  downward  during  compression  between 
closely  fitting  dies  and  punches,  hence  imperfect  compression 
Its;  moreover,  fine  powders  have  a  tendency  to  cake  or  pack 
ily,  and  therefore  do  not  feed  regularly  into  the  die.  They  alsn 
:  a  greater  tendency  to  adhere  to  the  surfaces  of  the  punches 
the  sides  of  the  die  than  does  the  same  material  in  a  granular 

Vhen  the  tablet  to  be  compressed  is  to  contain  a  single  medicinal 
tance,  this  can  often  be  bought  in  a  granular  form  from  the 
lesale  dealer,  as,  for  instance,  potassium  chlorate,  potassium, 
im,  and  ammonium  iodides,  bromides,  and  chlorides,  potassium 
langauate,  sodium  phosphate,  zinc  sulphate,  etc.  In  such  cases 
only  necessary  to  reduce  the  commercial  granular  powder  to  a 
:  uniform  condition  by  {lassing  it  through  a  clean  No.  20  iron 
\.  No  excipient  whatever  is  necessary  for  these  substances, 
lugh  at  times  it  may  be  necessary  to  subject  the  material  to  the 
n  of  dry,  warm  air  for  a  short  time,  in  order  to  free  it  from 
lental  moisture.  When  salts  containing  water  of  crystallization 
o  be  compressed  alone  and  require  previous  drying,  care  must 
ken  not  to  expel  any  of  this  water.  Sometimes  crystallized 
may  be  reduced  to  the  proper  granular  condition  by  simply 
liog  them  in  a  mill, 
reater  difGculty  is  experienced  and  more  care  must  be  exercised 
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when  two  or  more  substances,  either  all  medicinal  or  part  medicinal 
and  part  diluent  or  excipient^  are  to  be  mixed  and  granulated.    In 
such  cases  all  ingredients  should  be  in  the  form  of  a  fine  powder. 
If  potent  remedies  are  to  be  incorporated,  they  should  be  thoroughly 
triturated  either  with  the  diluent  or  with  the  other  ingredients,  and 
the  mixture  should  then  be  passed  through  a  No.  80  bolting-doth 
sieve,  and  again  well   mixed  after  sifting.     The  mixture  is  then 
moistened  with  whatever  fluid  or  mixture  of  fluids  the  medicinal 
constituents  or  the  diluents  or  excipients  may  dictate.     The  moist- 
ening fluid  may  be  water,  alcohol,  a  mixture  of  alcohol  and  water  in 
various  proportions,  or  aaueous   solutions  of  glucose  of  different 
strengths.     Glycerin  shoula  never  be  used,  since  it  does  not  dry  out 
and  has  a  tendency  to  render  the  granules  sluegish  when  feeding 
into  the  die.     The  fluid  should  be  carefully  and  uniformly  distrib- 
uted through  the  entire  mass,  and  in  most  instances  only  a  sufficient 
quantity  should  be  used  to  produce  a  well-moistened  powder.    This 
is  then  pressed  through  a  No.  12  or  No.  16  brass,  iron,  or  tinned- 
iron  wire  sieve.     The  choice  of  the  size  and  kind  of  sieve  will 
depend  on  the  physical  and  chemical  properties  of  the  material  being 
operated  upon,  and  these  properties  may  render  it  necessary  to  omit 
the  passing  of  the  moist  powder  through  a  sieve  altogether.    This 
is  the  c&se  when  any  constituent  of  the  mixture  is  likely  to  be 
afiected  by  the  metallic  surface  of  the  sieve,  as,  for  instance,  the 
various  mercurials,  salicylates,  etc.     Sometimes  also  the  componeots 
when  moistened  form  too  tough  a  mass  to  permit  its  being  forced 
through  a  sieve.    In  such  cases  the  material  is  dried  out  immediately 
after  having  been  moistened,  and  is  then  ground  in  a  mill  or  a  mor- 
tar to  the  proper  granular  condition.     The  moistened  powder  which 
has  been  forced  through  a  sieve  is  spread  on  glass  plates  or  sized 
paper,  and  dried  by  exposure  to  either  ordinary  or  warmed  air.  The 
physical  and  chemical  properties  of  the  substance  will  again  dictate 
the  conditions   under   which   this  drying    should    be    conducted. 
Eeadily  fusible  (salol)  or  volatile  (camphor,  benzoic  acid,  essential 
oils,  etc.)  substances  should  be  dried  in  the  cold.    When  small  qaan- 
tities  of  volatile  substances,  as,  for  instance,  flavoring  oils,  etc,  are 
to  be  incorporated,  they  may  be  omitted  from  the  mass  and  subse- 
quently sprayed  over  the  dried  granules  after  having  previously 
been  dissolved  in  a  little  alcohol  or  ether.     The  granules  should 
then  again  be  carefully  mixed^     Most  substances  permit  drying  by 
means  of  circulating  warm  air,  and  all  such  as  are  readily  affected 
by  light  should  be  carefully  protected  during  drying.     The  dried 
granules  are  now  forced  through  a  No.  20  or  No.  30  sieve.    If  dur- 
ing this  operation  much  fine  powder  has  been  produced,  it  may  be 
necessary  to   separate   the  same   by  means  of  a  fine  sieve  and  to 
regranulate  it. 

Sometimes  it  is  necessary  to  add  to  the  granular  powder  a  Uibri- 
oant,  preferably  the  best  quality  of  liquia  petrolatum,  in  order  to 
enable  the  tablet  to  be  more  readily  expelled  from  the  die.    Usually 
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1 1  fluidracbm  of  liquid  petrolatum  to  1  pound  of  granules  is 
lent,  it  being  dissolved  in  about  an  equal  volume  of  ether  and 
ed  over  the  granules.  In  order  to  prevent  the  material  from 
riug  to  the  punches,  the  granules  may  be  dusted  with  a  little 
'  powdered  talcum  or  lycopodium,  about  J  ounce  of  the  former 
ounce  of  the  latter  to  a  pound.  When  tablets  are  to  be  used 
reparing  clear  solutions,  a  little  boric  acid  may  be  used  in  place 
le  talcum  or  lycopodium,  provided  the  acid  be  not  incompatible 

the  constituents  of  the  tablet.  Care  must  be  taken  not  to 
I  the  granules  while  the  lubricants  are  being  added, 
^hen  substances  possessing  no  inherent  adhesiveness  are  to  be 
ilated,  tbey  require  the  addition  of  an  excipient,  such  as  acacia, 
•,  tragacanth,  or  glucose,  the  first  three  in  the  form  of  fine  pow- 
the  latter  in  solution.  Of  all  such  substances,  charcoal  proba- 
equires  the  largest  proportion  of  excipients,  from  5  to  10  per 

of  gum  tc^ther  with  15  or  20  per  cent,  of  sugar  or  glucose 
;  necessary ;  water  is  used  as  the  tnoisteniog  agent,  and  the  mass 

be  well  worked, 

'ablets  containing  such  sparingly  soluble  substances  as  acetaailid, 
acetin,  salol,  sulphonal,  etc.,  are  improved  by  the  addition  of  a 

starch. 

t^henever  tinctures  orfiuid  extracts  are  to  be  administered  incom- 
led  tablet  form,  they  are  preferably  evaporated  with  moderate 
over  a  water-bath  to  a  syrupy  consistence  before  tbey  are  mixed 

the  other  ingredients ;  if  no  other  diluent  powder  has  been  pre- 
ed,  the  syrupy  liquid  may  be  incorporated  with  a  mixture  of 
r  powdered  starch  and  sugar  for  the  purpose  of  granulation. 
:  extracts  may  be  used  either  in  the  form  of  a  vacuum-dried 
Mwder  or  the  pilular  extract  may  be  sollened  with  a  little  alco- 
ilcohol  and  water,  or  water,  as  may  be  necessary.  The  softened 
ict  is  then  incorporated  with  the  diluent  or  other  ingredients, 
h  may  necessitate  working  the  mixture  into  a  perfectly  uniform 
nass,  to  be  then  broken  into  small  pieces  and  dried,  and  finally 
id  to  the  proper  granular  condition. 

'  tablets,  upon  solution,  are  designed  to  yield  effervescent 
fhts,  they  may  be  made  by  first  preparing  the  corresponding 
liar  effervescent  salt  and  compressing  this,  or  the  ingredients 

which  the  effervescence  depends  may  be  granulated  separately 
inules  of  the  same  size  and  then  thoroughly  dried  and  mixed 

before  compression.  Thus,  if  effervescent  tablets  of  lithium 
e  or  carbonate  are  wanted,  the  lithium  salt  could  be  granulated 
the  sodium  bicarbonate,  while  the  tartaric  acid  may  be  granu- 
separately  with  alcohol  or  water.  All  effervescent  tablets  must 
reiully  protected  against  moisture  in  air-tight  bottles. 
ie  preparation  of  compressed  tablets  in  small  quantities  may 
aveniently  accompliwhed  at  the  dis(>en sing-counter,  and  various 
Inations  readilv  furnished  on  extemporaneous  prescriptions, 
inely  powdered  ingredients,  having  been  intimately  mixed  and 
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properly  dampened,  may  be  quickly  pii»sed  tlirougli  a  No.  20  or 
No.  30  sieve,  and  the  grauules  rapidly 
Fio.  248.  dried   by  rapidly   rotating   them  on  a 

sheet  of  smooth  paper  placed  in  a  sieve 
or  on  a  perforated  tray  over  a  stove  or 
other  heated  surface ;  as  soon  as  dry  tJje 
granules  should  be  weighed  and  divided 
into  the  requisite  number  of  parts,  wliich 
will  then  he  ready  for  compressioa. 

Different  styles  of  compressors  have 

been  designed  at  various  times  to  suit 

the  purposes  of  dispensing  pharmacists 

(see   Figs.    248   and   249).      They  are 

all  fed  on  the  same  principle,  and  tlie 

mode   of   operating    them    differs  but 

slightly.    The  cylinder,  base,  and  pisloD 

are   usually   made    of    hardened   steel, 

nickel-plated ;  the  base,  which  is  made 

to  project  somewhat  into  the  cylinder,a* 

shown  in  Fig.  248,  having  been  adiasted, 

^^  the  granular  substance  is  carefully  fed 

1^  into  the  cylinder  from  a  piece  of  stiff 

^^^^^  P^P^r,  the  piston  is   inserted  over  the 

^— ^^^  granules,  and  compression  effected  either 

aunpiemouMfo^compreMwi        by  a  sharp  blow  from  a  wooden  mallei, 

or   by   means   of  a  lever,  as  shown  ta 

Fig.  249.       When    the  tablet   has  been   comprewed,   it    can   be 

removed  by  lifting  the  cylinder  from  the  base,  the  tablet  adberii^ 

to  the  concave  surface  of  the  piston,  and  gently  tapping  the  jns- 

ton    with   the   mallet   or   lever,   which    expels    the   tablet.     The 

Smedley  compressor  (Fig.  249)  is  provided  with  a  small  receptacle, 


The  Smedley  eomprenor 


over  which  the  cylinder  and  piston  can  be  placed  and  tlie  tablet) 
discharged  directly  into  it. 

The  greater  the  pressure  applied,  the  firmer  will  be  the  compres- 
sion, but  at  the  same  time  the  slower  will  he  the  disintegration  of 
some  compressed  tablets ;  hence  only  sufficient  pressure  shonld  l« 
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to  cause  the  particles  to  cohere  properly  without  onimbling 
1  h&ndled  or  breaking  if  allowed  to  fkU. 

r'hen  too  much  pressure  has  been  applied  some  tahleta  "  chip  " 
cap,"  a  portion  of  or  the  entire  upper  convex  layer  showing  a 
incy  to  split  off.  This  difficulty  may  sometimes  be  remedied 
iiucing  the  pressure  iu  the  opei-ation,  or  it  may  be  overcome  by 
\g  a  little  water  to  the  granules,  about  1  or  2  drachma  to  the 
d,  by  means  of  an  atomizer, 

'  at  any  time  a  compressed  tablet  should  become  fixed  in  the 
ier  or  in  the  concave  depression  of  the  piston,  or  poseiblv,  if 
wwder,  having  been  inadvertently  used,  some  of  it  should  have 
forced  between  the  piston  and  the  sides  of  the  cylinder,  and 


The  Eureka  tsbleC  michlna. 

lave  fastened  the  piston,  warm  water  alone  should  be  used  to 
!  the  trouble ;  never  should  a  sharp  instrument  be  employed 
ten  the  adhering  material,  as  this  would  be  likely  to  produce 
surfaces  or  edges,  thereby  rendering  the  compressor  unfit  for 

e  Eureka  tablet  machine  (Fig.  250)  and  the  Freck  tablet 
essor  (Fig.  251)  insure  greater  uniformity  in  thickness  of 
>lets  than  the  apparatus  above  described.  Both  machines  are 
ed  with  an  automatic  feeding  attachment,  and  hence  the  tab- 
m  be  compressed  more  rapidly  than  in  other  hand  machines. 
h  cases  the  depth  of  the  mould  is  regulated  by  means  of  a 
so  that  after  weighing  out  the  material  for  one  tablet  and 
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adjusting  the  monld  bo  it  wilt  just  hold  the  same  when  filled  to  (he 
top,  the  tablets  are  sure  to  be  of  uniform  weight  when  corapressed. 

Id  the  Eureka  machine  the  material  is  placed  in  the  shoe-Bha)Kd 
hopper  shown  in  the  figure,  the  movement  of  which  is  controlled  br 
the  lai^  d^-wheel,  and  which  also  simultaneously  controls  the  motiun 
of  the  upper  and  lower  punches.  The  feeding  of  the  mould  is 
etfected  from  the  shoe,  which  as  the  wheel  is  revolved  moves  for- 
ward sidewise  with  a  jerky  motion,  so  that  when  over  the  mould  the 
material  readily  drops  into  the  latter.  The  further  motion  of  tbe 
fly-wheel  causes  the  shoe  to  return  to  its  original  position  and  at  the 
same  time  the  upper  punch  descends  and  compresses  the  material  in 
the  niould,  and  as  the  shoe  again  advances  to  refill  the  mould  the 
lower  punch  rises  to  push  the  tablet  above  the  mouth  of  the  mould, 
whence  it  is  thrown  forward  Jntoa  receptacle  by  the  shoe  passing  o^h 
the  mould.  The  machine  is  easily  understood  and  readily  adjusted, 
and  with  a  little  practice  can  be  made  to  compress  lOO  (ablets  oc 
more  a  minute. 

The  Freck  tablet  compressor,  made  by  the  Wm.  Freck  O.,  of 
Chicago,  is  apparently  one  of  the  best  ever  made  for  compresang  a 


The  Frecli  tablet  compreuor. 


email  number  of  tablets  at  tlie  dispensing-counter  or  even  a  hundrpJ 
or  more,  inasmuch  as  the  pressure  can  be  r^ulated,  and  thus  uni- 
formity in  thickness  and  hardness  of  the  tablets  be  insured.  1' 
occupies  a  space  of  6}  by  8  inches,  and  the  lever  is  of  such  lenfth 
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ach  pound  of  pressure  upon  it  is  multiplied  to  12  pounds  on 
le.  Its  construction  and  mode  of  operation  are  best  explained 
»ins  of  the  letters  sliown  in  the  figure  :  A  is  the  funnel-shaped 
-  into  which  the  granulated  material  is  put  and  which  fills  the 

B  is  a  set-screw  which  holds  the  upper  punch  ;  C  iu  a  set-screw 
I  holds  the  lower  punch  ;  D  is  a  set-screw  which  prevents  the 
itor  from  moving ;  E  is  the  regulator  for  adjusting  the  capacity 
;  dies  and  consequently  the  weight  of  the  tablet ;  F  is  an 
;ing  screw  for  stopping  the  lower  punch  even  with  the  surface 
;  die  ;  G  is  a  set-screw  which  holds  the  die ;  H  is  a  8et>-Bcrew 
le  pin  I,  which  swings  the  feeder  ;  K  is  the  point  which  holds 
eder  to  the  surface  of  the  machine,  and  automatically  throws 
?eder  out  of  the  way  when  the  upper  punch  is  descending ; 
I  screw  by  means  of  which  the  lever-handle  may  be  stopped  at 
ain  distance,  so  as  to  give  uniform  thickness  and  hardness  to 
blets ;  M  is  a  hole  into  which  a  pin  is  inserted  when  the  handle 
led  to  its  highest  point  to  put  it  out  of  gear.  As  in  the  Eureka 
inc,  the  tablets  wneu  compressed  are  brought  above  the  mouth 
3  die  by  the  lower  punch  ascending,  and  are  then  removed  by 
eder  and  slide  down  the  chute  into  a  receptacle, 
ir  manufacturing  compressed  tablets  on  a  large  scale,  special 
nery  has  been  constructed  to  be  operated  by  steam  power, 
machines  can  be  so  adjusted  that  a  definite  quantity  of 
iai  will  be  automatically  fed  into  the  mould ;  therefore,  aa 
"essure  applied  is  uniform,  the  resulting  tablets  must  be  of 
weight  and  thickness.  Improvements  are  constantly  being 
in  the  various  compressors  used  by  large  manufacturers,  and 
^.  252  is  shown  such  a  tablet  machine  capable  of  producing 
lb  to  350  tablets  per  minute,  according  to  the  number  of  dies 
sd.  Motion  is  communicated  to  the  machine  by  means  of  a 
unning  over  the  pulley  on  the  right-hand  side,  power  being 
1  to  the  main    shaft    by  means  of  cog-wheels;    this  gearing 

the  machine  great  force.  The  compressing  plunger  is 
ed  in  a  vertical  direction  by  means  of  a  cam  andan  eccentric, 
crew  holding  the  upper  punches  in  the  plunger.  The  machine 
modates  from  1  to  5  punches  at  a  lime,  the  punches  being 
7  interchangeable.     The  lower  punches  are  also  held  fast  by 

of  a  set-screw  in  a  shorter  plunger,  which  in  turn  is  operated 
ertical  direction  by  means  of  a  lever  and  a  bar.  The  granu- 
naterial  passes  from  a  funnel-shaped  reservoir  by  means  of  a 
e  tube  into  a  shoe,  which  moves  in  a  straight  line  foi^ard  and 
ard,  and  thus  feeds  the  dies  as  it  passes  over  them.  By  means 
ormgated  cam,  attached  to  and  revolved  by  a  gear,  the  shoe  is 
a  short  shaking  motion  just  as  it  passes  over  the  dies,  causing 
iterial  to  drop  into  the  latter.  When  the  dies  have  been  filled 
loe  recedes  and  the  upper  plunger  forces  down  the  upper 
es  into  the  dies  and  the  material  is  compressed.  The  pressure 
exerted  od  the  tablet  is  regulated  by  means  of  a  screw  and 
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three  nute  on  the  upper  part  of  the  upper  plunger.  After  com- 
pression the  upper  puuchea  are  withdrawn,  the  lower  punches  are 
caused  to  rise  in  the  dies  by  means  of  a  lever,  and  thus  the  tableK 
are  brought  Just  above  the  top  of  the  dies.  At  this  instant  Che^boe 
again  moves  forward  and  pushes  the  tablet  off  the  stage,  down  i 
chute,  into  a  receiving  vessel.  The  height  to  which  the  lonw 
pODches  may  rise  must l>e  just  flush  with  the  top  of  the  diea,uid  is 
regulated  by  means  of  a  screw  in  the  upright  bar  on  the  left  of  the 
machine.  The  amount  of  material  which  the  dies  are  capable  of 
Fib.  252. 


er  tahUtmacIiiDe 


receiving  depends  on  the  depth  to  which  the  lower  punches  are 
allowed  to  drop  in  the  dies,  and  which  is  regulat*3d  by  means  of  s 
screw  operated  by  a  wheel  in  the  lower  part  of  the  machine,  beneiili 
the  lower  plunger. 

In  all  automatic  tablet  machines  the  adjustment  of  the  supply  o: 
material  to  the  dies  must  be  made  tentatively.  The  first  adjusimea; 
is  merely  approximate,  and  after  the  weight  of  the  first  tablet  thu; 
compressed  has  been  determined,  the  capacity  of  the  die  is  inerea.^ 
or  decreased,  as  may  be  necessary.  The  proper  adjustment  havin; 
been  made,  the  shoe  can  supply  only  as  much  material  as  the  dir 
will  hold,  hence  the  automatic  supply  must  be  uniform  and  exti<t. 

In  order  to  insure  a  well-shapea  tablet,  the  diameter  of  the  dy 
must  be  selected  in  proportion  to  the  weight  of  each  tablet.  TliU^ 
for  material  of  average  density  tablets  weighiag  1  grain  may  ^ 
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with  dies  ^  of  an  inch  in  diameter ;  \\  grains  will  require  a 
li  die ;  2  grams,  a  ^  inch  die  ;  2J  or  3  grains,  a  A  incn  die ; 

4  grains,  a  ^  inch  die ;  4^  to  5  grains,  a  f  inch  die  ;  6  or  6^ 
:<,  a  ^  inch  die ;  7  or  8  grains,  a  ^  incli  die ;  10  grains,  a  \ 
die ;  20  grains,  a  ^  inch  die,  and  so  on.  If  the  material  to  be 
ressed  be  of  high  specific  gravity,  as,  for  instance,  calomel, 
ith  subnitrate,  etc.,  a  die  of  smaller  diameter  ninst  be  chosen 
le  weights  mentioned  above.  Compressed  lozenges,  wliich  are 
y  lai^  compressed  tablets,  with  the  usual  constituents  of 
^ea,  however,  are  made  with  ^  to  f  inch  dies  according  to  the 
It  of  the  lozenge.  In  order  to  insure  good  results,  the  sides  of 
)re  of  the  die  and  the  concave  surfaces  and  sides  of  the  punches 
be  kept  highly  polished.  The  edges  of  the  punches  must  be 
sharp  and  perfect,  otherwise  there  will  be  an  irregularity  on 
iriace  of  the  tablet.  After  the  dies  have  been  used  they  should 
refully  washed  and  dried  and  smeared  with  a  little  vaselin,  to 
nt  rusting ;  they  should  then  be  stored  in  a  dry  place. 

TABLET  TRITURATES. 

lis  class  of  preparations  was  introduced,  in  1878,  by  Dr.  R.  M. 
r,  of  New  York,  no  doubt,  with  a  view  of  administering  small 
ities  of  potent  remedies  in  convenient  and  readily  soluble 
Since  then  some  manufacturing  firms  have  made  strong 
I  to  induce  physicians  to  resort  to  this  method  of  medication 
e  purposes  of  office  dispensing.  That  the  growth  of  homceo- 
:  patronage  has  largely  aided  the  introduction  and  use  of  tablet 
ites  cannot  be  denied. 

blet  triturates  are  made  by  triturating  the  active  ingredient 
iither  plain  sugar  of  milk  or  a  mixture  of  sugar  of  milk  and 
try  or  cane-sugar  {usually  in  the  proportion  of  4  or  5  parts  of 
rmer  to  1  part  of  the  latter),  and  then  forming  the  mixed 
trs  into  a  paste  with  alcohol,  alcohol  and  water,  alcohol  and 
,  or  water  alone,  which  paste  is  pressed  into  tablets  in  appro- 
moulds.  The  composition  of  the  liquid  excipient  to  be 
yed  will  vary  greatly  according  to  the  diluent  useo,  the  nature 
■■  medicinal  ingredients  operated  uiwn,  and  also  the  quantity 
present  in  each  tablet,  the  aim  being  to  produce  a  partial 
S8  in  the  mixture  which  will  enable  the  particles  to  adhere 
er  in  the  form  of  a  firm,  pasty  mass.  When  simply  milk- 
is  used  as  a  diluent,  water  alone  will  answer  as  the  excipient 
it  cases ;  but  when  a  mixture  of  milk-sugar  and  cane-sngar 
d,  a  strongly  alcoholic  liquid  excipient  is  necessary,  on 
it  of  the  ready  solubility  of  cane-sugar  in  water,  the  pro- 
1  of  alcohol  being  inci'eased  as  the  quantity  of  cane-sugar 
;niented.  For  most  operations  at  the  dispensing-counter, 
no  special  facilities  for  rapid  drying  are  at  hand,  a 
-c    of   5    parts   of  milk-sugar    and    1     part   of  cane-sugar, 
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together  with  an  excipient  composed  of  6  volumes  of  alcohol  and  1 
volume  of  water,  will  perhaps  prove  most  desirable,  as  the  greater 
volatility  of  the  alcohol  insures  more  rapid  drying  of  the  tablets. 

It  is  essential  that  the  sugar  be  in  very  fine  powder,  in  order  to 
yield  a  smooth  paste  and  perfect  tablets ;  and  if  the  mixture  be 
passed  through  a  No.  120  sieve  before  making  the  paste,  the  rejiulis 
will  be  all  the  better.  A  few  cases  will  occur  in  which  sugar  and 
other  organic  matter  are  inadmissible  as  a  diluent,  owing  to  chemical 
changes  likely  to  occur ;  as,  for  instance,  potassium  permanganate, 
silver  nitrate,  etc. ;  finely  powdered  kaolin,  or  pipe-clay,  should  then 
be  used  with  water  as  an  excipient. 

Tinctures  and  fluid  extracts,  unless  strongly  alcoholic,  are  made 
into  tablet  triturates  with  more  or  less  difiiculty,  according  to  the 
amount  of  fluid  to  be  represented  in  each  tablet,  and  may  require 
evaporation  to  dryness  with  a  portion  of  the  sugar,  so  as  to  be  sub- 
sequently reducecl  to  fine  powder,  prior  to  converting  into  a  suitable 
paste.     The  presence  of  glycerin,  especially  if  in  large  proportion, 
IS  objectionable,  since  it  keeps  the  extractive  .  matter  soft  and  pre- 
vents proper  drying  of  the  tablets.     In  some  instances  it  will  suffiw 
to  concentrate  the  fluid  by  evaporation  and  use  it,  in  place  of  an 
excipient,  for  moistening  the  mixed  powders ;  but  this  plan  can 
only  be  followed  when  the  proportion  of  fluid  ordered  is  small  or 
when   it   has   been   made   with   a    strongly   alcoholic  menstruum. 
Solid  extracts  can  be  introduced  only  in  small  proportions,  and 
may  then  be  incorporated  as  indicated  under  Compressed  Tablet?; 
more  than  one-fourth  or  one-third  of  the  total  weight  of  the  tabln 
triturate  is  not  advisable.     In  such  cases,  and  also  in  the  case  ot 
tablets  to  contain   various  amounts  of  tinctures  or  fluid  extra(t> 
made  with  hydro-alcoholic  menstrua,  a  mixture  of  milk-sugar  an«i 
starch  in    varying   proportions    will    be    found   the   best  diluent. 
Such  masses  are  often  difficult  to  form  into  smooth  tablets,  and  the 
tablets  when  dried  are  often  very  hard.     Tablet  triturates  containing 
4-  grain  or  more  of  solid  extract  or  1  minim  or  more  of  hydro-alrt» 
nolle  fluid  extract  can  be  made  more  friable  by  using  a  mixture  of 
milk-sugar  and  starch  as  diluent  and  granulating  the  well-roixe^^ 
mass  as  directed  under  Compressed  Tablets,  and  subsequently  o<^in- 
pressing  the  dry  granules  by  means  of  a  compressing  apparatus  inn* 
shape  similar  to  that  of  tablet  triturates.     Enough  diluent  shouU 
be  used  to  make  the  finished  tablet  weigh  about  iX  grains  each.  Tlif 
pressure  is  readily  regulated  so  as  to  produce  a  fnable  tablet    Thf 
punches  used  for  this  purpose  should  have  flat  surfaces,  to  insure  tW 
customary  shape  and  appearance  of  tablet  triturates,  although  oi>n- 
cave  punches  will  yield  tablets  equally  friable.      Substances  <>t  a 
volatile  or  deliquescent  character,  or  such  as  are  readily  oxidized  ujxn 
exposure  to  air,  are  wholly  unfit  for  tablet  triturates ;  hence  cam- 
phor, creosote,  calcium  sulphide,  arsenic  iodide  and  bromide,  pots" 
slum  citrate,  scale  salts  of  iron,  phosphorus,  and  the  like,  snouU 
never  be  dispensed  in  this  form. 
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.utomatic  machines  for  making  tablet  triturates  have  not  yet 
constructed,  and  tiie  apparatus  generally  used,  whether  for 
I  quantities  at  the  dispensingMMiunter  or  in  the  manufacture  of 
of  thousands  in  the  laborator}',  consists  of  two  plates,  as  shown 
ig.  263.  The  plates,  although  sometimes  constructed  of  metal, 
ireferably  made  of  hard  rubber,  the  upper  one  being  perforated 
the  lower  provided  with  a  corresponding  number  of  p^,  which 
«urately  into  the  perforations  of  the  upper  plate.  In  order  to 
-e  the  exact  position  of  the  pegawhen  the  upper  plate  isbrought 
1  over  them,  two  guide-pins  are  fastened  to  the  lower  plate,  one 
each  side ;  these  extend  above  the  pegs  and  ent«r  two  corre- 
ding  holes  in  the  upper  plate.  As  a  rule,  the  plate  moulds  are 
>  to  prepare  50  or  100  tablet  triturates  at  one  time,  although 
:  are  provided  with  200  or  more  perforations,  and  a  few  with 
25.    The  perforations  in  plates  of  the  standard  size  adopted 


Hsnl-nibbet  mould  for  Ubiet  trltunttei. 


iblet  triturates  measure  ^  of  an  inch  in  diameter,  and  ^  of  an 
in  depth.     In  a  few  instances  moulds  are  used  with  perforations 

■  an  inch  in  diameter  and  \  of  an  inch  in  depth  ;  larger  tablets 
low  generally  made  by  compression,  since  the  same  weight 
Bterial  can  by  this  method  usually  be  obtained  in  smaller  bulk, 
ard-rubber  moulds  require  consideroble  care  in  cleaning  and 
(ring  them  when  not  in  use,  in  order  to  preserve  the  original 
ct  shape.     They  should  never  be  exposed  to  heat,  either  by 

■  hot  water  for  washing  or  dry  heat  for  drj'ing  them,  as  the 
da  are  thereby  warped  and  the  accurate  adjustment  of  the  pegs 
perforations  is  destroyed ;  when  thus  warped,  the  moulds  can 
be  used  with  great  difficulty,  and  soon  become  worthless.  A 
w,  stiff  paint-brush  will  be  found  very  serviceable  in  cleaning 
loulds,  and  water  at  the  ordinary  temperature  should  be  useq 
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for  washing  the  plates;  sometimes  alcohol,  or  even  acids,  mij  be 
necessary  to  remove  material  tenaciously  adhering  to  the  idouI<!s, 
but  never  should  a  sharp  instrument  be  used  in  the  perforatiinis  ot 
ou  the  pegs,  as  the  smooth  surfaces  are  likely  to  he  scratdied 
thereby.  After  the  plates  have  been  carefully  cleansed  and  rinsed 
with  cold  water  they  sliould  be  dried  with  a  soft  towel,  the  w»ler 
remaining  betweeu  the  pegs  being  readily  shaken  out ;  when  dr)',the 
perforated  plate  should  be  placed  in  proper  position  on  the  p^-^Jate, 
and  the  whole  laid  aside  ou  a  level,  solid  surface,  away  from  beil. 
When  a  suitable  past«  has  been  made  the  perforated  plaleis 
placed  upon  a  level  surface,  preferably  a  thick  glass  pl^e,  aod,  by 
means  of  a  horn  spatula  uf  tine  shape  shown  in  Fig.  254,  tlie  m^ 
is  forced  into  the  holes  so  as  to  fill  these  completely,  any  eice^of 
material  being  removed  with  the  spatula ;  the  plate  is  then  reverb 
aad,  if  necessary,  more  of  the  mass  is  forced  into  the  boles  uDlil 
they  are  completely  filled  and  both  sides  present  a  smooth,  solid 
surface.  The  operation  is  best  explained  as  follows:  The  operator 
grasps  the  spatula  in  such  a  manner  that  the  forefinger  rests  on  the 

Fi«.  254. 


flat  surface  near  the  acute  angle  of  the  diagonal  edge,  with  tli* 
middle  finger  resting  near  the  obtuse  angle  of  the  same  edge ;  the 
thumb  rests  against  the  long  side,  and  the  third  and  little  6n^n 
against  and  slightly  around  the  short  side  of  the  spatula.  T^ 
maBH  having  been  placed  on  the  mould  under  the  spatula,  thelatur 
is  drawn  with  pressure  over  the  mould  diagonally  toward  the  opera- 
tor. After  the  required  number  of  holes  have  I)ecn  filled,  the 
upper  plate  is  carefully  brought  down  over  the  lower  one  with  the 
marks  or  numbers  at  the  end  of  the  two  corresponding,  and  by  the 
aid  of  the  guide-pins  the  pegs  are  pressed  into  the  corresponding 
holes  and  the  tablets  thus  forced  out,  remaining  on  the  ends  of  the 
pegs ;  after  a  few  moments  they  may  be  removed,  either  by  inclin- 
ing and  tapping  the  plate  or  by  carefully  brushing  them  into  a  suit- 
able receptacle,  preferably  a  bolting-cloth  sieve.  The  tablets  sbotrld 
then  be  dried  either  by  exposure  to  the  ordinary  room-temperature. 
.  protecting  them  from  dust,  in  closets  supplied  with  circubting  wann 
air,  or  in  small  quantities  on  a  perforated  tray  near  a  stove  or  ro- 
ister, as  the  natnre  nf  the  medicinal  ingredients  may  permit  By 
means  of  Iiard-rubber  moulds  holding  100  tablets  each,  experienwd 
operators  average  from  6000  to  8000  tablet  triturates  per  hour, 
unless  the  material  be  especially  difficult  to  manipulate. 
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bme  manufacturers  use  au  apparatus  somewhat  differently  con- 
;ted,  as  shown  iu  Fig.  255.  Tiie  two  plates  are  held  in  frames 
led  together  and  so  an-anged  that  the  peg-plate  can  be  brought 
n  accurately  over  the  perforated  plate  carrying  the  tablets,  and 
iressing  the  pegs  down  through  tne  perforatione  the  tablets  are 
e  to  drop  out  upon  a  sheet  of  paper  placed  underneath  for  their 
ption.  The  weight  of  different  kinds  of  tablet  triturates  made 
moulds  of  the  standard  size  mentioned  above  will  vary  con- 
rably  according  to  the  density  of  the  mass  being  manipulated. 
s  tablets  containing  \  grain  of  morphine  sulphate  each,  will 
;h  about  1.2  grains;  tablets  containing  ^  grain  of  calomel  will 
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Ii  about  1.4  grains;  and  tablets  containing  1  grain  of  calomel 
weigh  from  1.9  to  2  grains  each;  while  the  size  of  all  these 
ts  will  be  the  same.  The  weight  of  the  tablets  will  also  be 
derahly  influenced  by  the  pressure  upon  the  spatula  exerted  bv 
individual  operator  during  the  process  of  moulding,  which 
s  with  nearly  every  person,  and  hence  in  lai^  manufacturing 
lishments  operators  are  kept  at  work  on  certain  lines  of  tablet 
■ates  with  which  they  have  become  familiar  so  aR  to  insure  uni- 
ity  in  weight.  The  weight  of  a  certain  tablet  having  been 
lained,  a  memorandum  should  be  made  of  the  details  regarding 
ination,  diluent,  and  excipient,  for  future  reference. 
very  formula  for  new  tablet  triturates  must  be  determined 
lively  in  order  to  ascertain  the  exact  amount  of  sugar  of  milk 
ler  diluent  required.  The  simplest  plan  is  to  weigh  off  enough 
e  active  ingredients  to  make  a  given  number  of  tablets  (say  25 
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or  50) ;  mix  this  with  a  quantity  of  diluent  known  to  be  insuffi- 
cient, moisten  with  the  necessary  excipient,  and  press  the  mass  into 
the  holes  of  the  plate  intended  to  be  used.     Then  moisten  more  of 
the  same  diluent  with  the  cxcipient,  and   with  this  paste  fill  the 
holes  remaining  unfilled  from  the  first  operation ;  smooth  off  both 
sides  of  the  tablets,  place  on  the  ejecting-pegs  and  force  the  tablets 
out.     For  larger  operations  the  tablets  should  then  be  thopongbly 
dried  and  weighed,  the  weight  of  the  dry  tablets  less  the  weight  of 
active   ingredients   used   representing  the   weight  of   the  diluent 
required  to  make  the  given  number  of  tablets.    In  small  operations, 
particularly  those  of  the  dispensing-counter,  the  drying  may  be 
omitted,  and,  instead,  an  extra  number  of  tablets  (4  or  5)  made  out 
of  the  plain  diluent,  added  to  the  number  first  obtained,  before  the 
whole  is  thoroughly  mixed  in  a  mortar;  this  extra  material  is  neces- 
sary because  the  first  tablets,  when  worked  up  again  in  the  mortar, 
generally  form  a  more  compact  mass,  and  hence  would  prove  insuffi- 
cient for  refilling  the  required  number  of  perforations.     The  porous 
nature  of  most  tablet  triturates  and  the  very  fine  state  of  division 
of  the  ingredients  render  it  essential  that  the  tablets  be  carefully 
kept  in  dry,  tightly  stoppered  amber-colored  vials,  which  protect 
them  perfectly  against  the  air,  moisture,  and  the  effects  of  the  light 
They  should  be  stored  in  a  cool  and  dry  place.     Small  amber-col- 
ored homoeopathic  vials  are  likewise  the  best  receptacles  for  dispens- 
ing these  tablets.     Tablet  triturates  containing  substances  readily 
affected  by  air  or  light  are  often  made  into  compressed  lenticular- 
shaped  disks  and  subsequently  coated  with  sugar  or  chocolate. 

Hypodermic  tablets  are  simply  tablet  triturates  intended  for  the 
convenient  preparation  of  solutions  for  subcutaneous  injection.  Since 
they  contain  definite  quantities  of  the  active  agents,  they  are  admi- 
rably adapted  for  physicians'  use  at  the  bedside,  and  are  very  exten- 
sively employed.  As  a  rule,  pure  sugar  of  milk  or  pure  cane-sugar 
is  used  as  the  vehicle,  although  sodium  sulphate  has  also  been 
employed  by  some  manufacturers.  They  are  made  in  the  hard- 
rubber  moulds  already  described,  the  perforations  being  usually  ^ 
inch  in  diameter  and  iV  ^'^  i  1°^'^  ^^  depth.  This  produces  a  tablet 
that  can  readily  be  dropped  into  the  barrel  of  a  hypodermic  syringe, 
in  which  it  is  quickly  dissolved  upon  addition  of  10  or  15  minim* 
of  water  and  subsequent  agitation. 

Tablet  saturates  differ  from  tablet  triturates  only  in  the  manner 
of  introducing  the  medicinal  agents.  They  are  made  by  6rst 
preparing  plain  sugar-of-milk  tablets,  in  the  moulds  already  de- 
scribed, and  having  placed  the  tablets,  when  dry,  on  a  glaas  plate, 
the  desired  quantity  of  tincture,  fluid  extract,  or  solution,  is  dropped 
upon  each  tablet  individually  from  a  pipette.  A  glass  cover  is  tnen 
placed  over  the  tablets  and  the  fluid  allowed  to  saturate  them  uni- 
formly, after  which  they  are  dried  in  a  current  of  warm  air. 


CHAPTEE    XXXI. 

POWDERS. 

In  addition  to  what  has  already  beeo  said  about  pulverization,  in 
chapter  of  Mechanical  Subdivision  of  Drugs,  there  remains  yet 
)e  considered  the  ad  mini  strati  on  of  medicines  in  powder  form, 
.ch,  presenting  certain  advantages,  is  still  largely  employed  by 
aicians.  The  powder  form  is  a  most  convenient  method  of  giv- 
medicines  in  the  case  of  very  young  children  and  persons  who  are 
ble  to  swallow  pills,  as  well  as  where  the  Suid  form  is  unavail- 
i  for  any  reason.  It  is  true,  many  substances  arenot  suited  for 
lioistration  in  powder  form,  particularly  bulky  vegetable  pow- 
i,  deliquescent  salts,  aud  such  as  contain  large  quantities  of  water 
crystallization,  as  sodium  phosphate  or  sulphate,  etc.;  but  while 
fluid  form  of  medicine  is  probably  to  be  preferred  in  the  majority 
ases,  tiie  bitter  or  nauseous  taste  of  some  substances  becomes  more 
■ked  in  solution  than  in  the  dry  state.  Among  the  substances 
t  adapted  for  dispensing  in  powder  form  are  insoluble  chemicals, 
h  as  calomel,  bismuth  salts,  mercury 
h  chalk,  some  salts  of  the  alkaloids,  and  Fio.  256. 

etable  drugs  given  in  small  doses,  such 
pecac,  opium,  and  catechu.  Physicians 
[uently  direct  their  patients  to  dissolve 
nix  the  powder  in  water,  and  in  such 
is  the  powder  form  is  preferred  on 
)unt  of  convenience  or  for  reasons  of 

Powders,  as  a  rule,  are  composed  of  two 
nore  substances ;  to  insure  an  intimate 

uniform  mixture  they  must  be  tritu- 
d  in  a  mortar,  preferably  made  of  por- 
in,  of  the  shape  shown  in  Fig.  266,  this 
e  presenting  a  sufficient  broad  surface  ""^'aeciioimi  viewi! 

lie  base,  whilst  its  curved  sides  prevent 

ejection  of  material  during  trituration.  It  is  assumed  that  in 
majority  of  cases  the  individual  ingredients  are  already  in  the 
i  of  very  fine  powder,  and  therefore  only  require  thorough  mix- 

which  is  best  accomplished  by  trituration  with  light  pressure 
',  so  as  to  avoid  caking  and  sticking  to  the  sides  of  the  mortar ; 
coDtents  of  the  vessel  should  also  occasionally  be  scraped  from 
pestle  and  sides  of  the  mortar  if  necessary,  as  this  aids  more 
ect  admixture.     Whenever  substances  which  are  themselves  in 
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a  coarsely  powdered  or  granular  condition  are  ordered  in  a  powdered 
mixture,  they  must  be  reduced  to  a  very  fine  powder  by  themselves, 
no  attempt  being  made  to  reduce  them  in  the  mixture. 

A  few  general  rules  will  serve  for  guidance  in  the  preparation  of 
mixed  powders.  Whenever  sugar  is  one  of  the  ingredients  it  should 
be  of  the  kind  known  as  bolted  or  lozenge  sugar.     When  small 

auantities  of  potent  or  other  substances  are  to  be  dispensed  in  pow- 
ers, they  should  first  be  well  triturated  with  a  portion  of  the  diluent, 
and  finally  incorporated  with  the  remainder  of  the  more  bulky 
powders ;  or,  if  no  diluent  has  been  ordered,  they  should  be  tritu- 
rated with  a  small  quantity  of  sugar  of  milk,  to  insure  their  more 
uniform  distribution  in  the  mixture.  The  proper  plan  is  to  place 
about  5  grains  of  sugar  of  milk  in  the  mortar,  add  the  active  ingre- 
dient, and  then  triturate  thoroughly,  as,  by  this  means,  more  accu- 
rate subdivision  is  effected,  and  none  of  the  active  material  is  likely 
to  adhere  to  the  sides  of  the  mortar.  Soft  extracts  and  essential  oils 
must  be  treated  in  the  same  manner. 

Whenever  physicians  prescribe  quantities  which  cannot  be 
weighed  conveniently,  such  as  \,  ^,  ^j  or  ^  of  a  grain,  and  metric 
weights  le&s  than  10  milligrammes,  the  plan  of  preparing  a  dilution 
of  the  substance  with  sugar  of  milk,  by  trituration,  in  such  propor- 
tions that  a  weighable  amount  of  the  mixture  shall  represent  tbe 
desired  quantity  of  active  ingredient,  as  indicated  on  page  341, 
should  invariably  be  followed,  as  by  this  method  accuracy  of  divi- 
sion is  best  obtained. 

Certain  substances  of  a  crystalline  structure — ^notably  also  those 
of  a  resinous  character — ^have  a  tendency  to  become  electrical  by 
friction,  particularly  if  pressure  be  employed  ]  such  bodies  are  said 
to  be  idioelectric,  and  must  be  triturated  lightly,  or,  if  pressure  is 
necessary  to. reduce  them  to  fine  powder,  they  must  be  sprinkled 
with  a  little  alcohol,  whereby  the  trouble  is  obviated,  or  the  powder, 
which  adheres  firmly  to  the  mortar  and  pestle,  and  is  prone  to  fly 
off  in  all  directions  if  scraped  with  a  spatula,  must  be  set  aside  for 
a  while  until  the  electric  condition  has  disappeared.  To  this  class 
belong  common  pine  resin,  and  the  resins  of  guaiacum,  jalap,  and 
scaramony,  also  quinine  alkaloid,  acetanilide,  ^ol,  phenacetin,  and 
others.  The  removal  of  these  in  fine  powder  form  from  tbe  mortar 
is  attended  with  more  or  less  diflSculty  unless  previously  slighdy 
dampened. 

When  substances  which  differ  materially  in  specific  gravity  are  to 
be  mixed  in  powder  form — ^as,  for  instance,  bismuth  subnitrate  with 
magnesia,  soainra  bicarbonate  with  charcoal,  or  zinc  oxide  with  lyco- 
podium — the  best  plan  is  to  place  the  heavy  substance  in  the  mortar 
and  incorporate  the  lighter  body  gradually  by  adding  small  jjordons 
at  a  time.  Calcined  magnesia  and  charcoal  are  also  more  readily 
mixed  if  the  charcoal  be  gradually  added  to  the  magnesia  with  very 
light  trituration  ;  only  in  this  manner  can  a  powder  of  uniform 
appearance  be  obtained.     Whenever  large  quantities  of  these  pow- 
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I  are  to  be  mixed,  perfect  blending  may  be  achieved  by  shaking 
n  bother  in  a  bottle  for  some  time,  and  then  passing  the  mixt- 
repeat€dly  tlirough  a  bolting-oloth  sieve. 

iince  some  substances  when  triturated  together  cause  chemical 
imposition,  attended  in  a  few  cases  also  wiHi  explosion,  conelder- 

care  must  be  observed  in  mixing  them ;  the  offending  ingredient 
lid  be  reduced  to  fine  powder  oy  itself,  and  then  cautiously 
ed  on  paper  with  the  other  powders.  Such  conditions  arise 
D  potassium  chlorate  or  permanganate  is  to  be  mixed  with  or- 
c  aubstancea,  as  sugar,  starch,  tannin,  gum-arabic,  and  also  sul- 
r  and  sulphides,  or  when  lead  acetate  and  zinc  sulphate  or  borax 
alum  are  triturated  together. 

i'owders,  whether  simple  or  compound,  intended  for  external 
!ication,  by  dusting  or  insulfiation,  must  be  passed  through  a  fine 
ing-clotli  sieve,  and  should  not  then  be  triturated  again  before 

are  dispensed, 

a  the  majority  of  cases  medicines  prescribed  in  powder  form  are 

ensed  in  divided  doses;  although  absolutely  accurate  division 

Fig.  267. 
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nnly  be  obtained  by  weighing,  this  plan  is  rarely  followed  since 
tice  will  soon  enable  one  to  omit  this  tedious  method.  Usually 
>l>enitor  divides  the  mixed  powder  by  the  eye,  either  directly  on 
wwder  papers  or  by  shaping  the  powder  into  a  rectangle  on  a 
uated  tile,  and  dividing  this  into  the  requisite  number  of  parts  ; 
:tperienced  dispenser  is  able  to  make  quite  accurate  divisions 

the  mortar  direct  to  the  pajier. 

o  facilitate  the  division  of  doses  at  the  disjwnsing-counter  a  veir 
powder-divider  was  <lesigned,  some  years  ago,  by  J.  C.  Michael, 
■mer  pharmacist ;  it  is  shown  in  Fig,  257.  The  apparatus  con- 
of  a  cup  with  base  attache*!,  a  set  of  three  dividers,  with  8,  10, 

12  wings  respectively  (one  of  wliich  is  shown  in  the  illus- 
>n),  and  a  cap  with  sliding  door.  It  is  operated  as  follows  : 
thoroughly  mixed  powder  is  placed  in  the  metallic  cup,  B,  and, 
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atier  shaking  down  so  as  to  obtain  a  level  surface,  die  metallic 
divider  D  is  slipped  over  the  rod  A,  and  allowed  to  work  its  way 
slowly  down  to  the  bottom  of  the  cup ;  by  slight  manipulation,  such 
as  gently  rotating  the  divider,  the  powder  will  be  divided  into  as 
many  equal  parts  as  wings  are  attached  to  the  divider.  The  cap  £, 
which  fits  snugly  over  the  projecting  wings  of  the  dividers,  and  k 
held  in  position  by  means  of  a  central  pin,  is  next  attached,  and,  the 
cup  having  been  inverted,  the  rod  A  is  removed  by  turning  the 
base  C  held  by  a  bayonet-joint,  and  withdrawing  the  rod  from  the 
centre  of  the  divider.  The  powder  will  now  be  found  transferred 
to  the  cap,  but  divided,  as  before,  since  the  wings  of  the  divider 
extend  beyond  the  rim  of  the  cup  to  the  full  depth  of  the  cap ;  bv 
bringing  the  apparatus  over  the  centre  of  the  paper  one  portion  can 
be  deposited  at  a  time  by  pulling  back  the  slide  F,  and  allowing  the 
powder  to  fall  upon  the  paper.  It  is,  of  course,  important,  when 
placing  the  cap  on  the  cup,  so  to  adjust  it  that  the  edges  of  the  open- 
ing be  on  a  line  with  two  of  the  wings,  which  is  best  done  with  the 
slide  open.  By  carrying  the  apparatus  from  paper  to  paper  and 
rotating  the  divider,  each  succeeding  section  can  be  emptied  and 
thus  rapid  division  of  the  mixture  be  effected.  The  whole  apparatus 
is  nickel-plated,  which  protects  it  against  rust.  Very  accurate  work 
can  be  done  with  this  apparatus,  and  the  necessary  experience  for 
rapid  manipulation  is  easily  acquired. 

Another  convenient  device  for  those  who  do  not  wish  to  entrust 
division  of   powders  to  the  eye  is  the  Diamond  powder-divider. 
This  consists  of  a  nickel-plated    shallow  metal  trough,  closed  at 
one  end  and  graduated  on  both  sides ;  the  powder  having  been  intro- 
duced, a  hard-rubber  plug  is  inserted  at  the  open  end  and  pushed 
up  to  the  graduation  indicating  the  number  of  divisions  to  be  made. 
After  levelling  the  surface  of  the  powder  by  means  of  an  accom- 
panying flat  bar,  with  handle  attached  exactly  fitting  into  the  trough, 
the  rubber  plug  is  removed  and  a  quantity  of  the  material,  equiva- 
lent to  one  dose,  as  indicated  by  the  divisions  of  the  graanateil 
sides,  is  transferred  to  paper  by  the  aid  of  a  spatula  of  the  same 
width  as  the  interior  of  the  trough.     The  dimensions  of  the  trough 
are  9  inches  in  length,  1  inch  in  width,  and  f  of  an  inch  in  depth. 

For  enclosing  the  divided  doses  of  powder,  either  well-calendered 
or  parchment  paper  may  be  used ;  the  latter  is  now  preferred  bv 
many  pharmacists,  as  it  offers  a  protection  against  the  moisture  of 
the  air.  Even  those  who  use  glazed  white  paper  will  find  either 
parchment  or  waxed  pa{>er  necessary  for  volatile  or  hygroscopic 
substances.  Powder-papers  should  be  folded  uniformly,  hence  it 
will  be  found  advantageous  to  keep  in  stock  a  supply  of  the  varions 
sizes,  already  creased.  This  is  readily  done  by  folding  the  paper 
over  a  piece  of  stiff  metal  of  suitable  size,  with  rounded  edges  to 
prevent  cutting,  in  such  a  manner  that  a  narrow  mar^n,  alx>ut  \ 
inch  wide,  is  made  on  one  of  the  long  sides ;  the  straight  edge  hav- 
ing been  brought  up  against  the  crease  of  the  margin,  both  ends  are 


id  back  to  about  the  centre  of  the  piece  of  metal  and  firmlj 
«d  dowD  with  a  horn  spatula.  The  two  sides  are  now  folded 
the  edges  of  the  metal  plate  and  also  firmly  pressed,  after  which 
ireases  are  all  opened  and  the  plate  is  removed.  Such  creased 
ler-papers  not  only  insure  absolute  uniformity  in  size  and  shape, 
aave  also  been  found  very  convenient  in  economizing  time  at  the 
;ripti on-counter.  Some  pharmacists  prefer  to  fold  each  paper 
lining  the  powder  over  a  powder-box  or  specially  constructed 
(table  powder-folder.  The  liabit  of  flattening  the  powder  within 
)aper  by  pressing  it  with  a  spatula  is  a  bad  one,  and  should 
r  be  followed,  as  it  is  likely  to  cause  the  powder  to  cake,  and 
I  interferes  with  its  proper  administration  in  liquids.  To  prevent 
3f  the  material  from  leaving  the  paper,  one  of  sufRciently  lai^ 
should  be  used,  that  the  creases  where  the  sides  have  been 
d  over  may  be  pressed  down  with  a  spatula ;  this  effectually 
ents  leakage. 

small  number  of  powders  in  papers  {two  or  three)  are  usually 
!nsed  in  an  envelope,  while  the  regular  oblong  powder-boxes  are 
for  larger  numbers.  When  not  divided  into  doses  the  powder 
ipensed  either  in  round  paper  boxes  (never  in  paper,  unless 
ided  for  use  at  one  time)  or  in  wide-mouth  bottles ;  the  latter 
od    is   necessary   if    the   ingredients  attract    moisture   or   if 

volatile  substances  are  present,  and  will  also  be  found  con- 
^nt  when  travelling.  Wlien  bottles  are  used,  a  piece  of  glazed 
r  should  be  inserted  between  the  neck  of  the  bottle  and  the 

to  prevent  particles  of  the  latter  from  falling  into  the  powder, 
^hile,  as  a  rule,  medicines  in  powder  form  are  administered  to 
atient  either  dry  on  the  tongue,  or  in  solution,  or  admixed  with 
ill  quantity  of  water,  physicians  frequently  direct  them  to  be 
sed  in  capsules  or  wafers,  with  the  view  to  disguise  the  taste. 
lining  of  definite  quantities  of  a  powder  into  capsules  is  rather 
•lesome,  on  account  of  the  small  orifice  of  the  latter;  and  to 
tate  the  operation  recourse  is  had  to  a  device  especially 
ned  for  that  purpose.  Small  blocks  of  hard  wood  are  pro- 
I    with    12   or   24  sockets  of  such   depth    that  the  capsules, 

placed  therein,  shall  project  about  one-third  above  the  edge  ; 
ler  piece  of  wood,  with  perforations  corresponding  to  the  sockets, 
ced  over  the  lower  block,  after  ^he  capsules  have  been  inserted, 
hen,  by  means  of  a  suitable  funnel  (of  hard  rubber  or  metal), 
owder  is  transferred  to  the  capsules  and  somewhat  compressed 

a  plunger  exactly  fitting  the  throat  of  the  funnel  and  the 
le.  After  all  the  capsules  have  been  filled  the  upper  perfor- 
block  is  removed  and  the  cover  slippe<l  over  the  projecting 
of  each  capsule.  For  the  various  sizes  of  capsules  diflTerent 
s  and  funnels  are  required.  In  Figs.  258  and  259  are  shown 
locks  and  a  suitable  funnel ;  the  latter  has  a  wide  rim  flattened 
le  side  and  a  short  tube,  whereby  the  powder  is  more  eon- 
atly  fed  into  the  capsules. 
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To  facilitate  the  filling  of  simple  and  compound  powders  iota 
gelatin  capsules,  an  apparatus  known  as  Hint's  capsule-filler  was  de- 
vised in  1899,  for  which 
Fw,  258.  it  is  claimed  that  the  fill- 

ing can  be  dune  mon 
expeditiously  than  by  rdv 
other  method  and  viih 
remarkable    accuracy  as 

Fio.  !59. 


Eud-wood  blacks    for  nupportius  empty  c&psulei         XMrenport'i  niiinel  uid  plmicu 
whUe  being  Ailed.  R>r  Oiling  capmlec 

to  weight.  As  shown  in  Fig.  260,  the  apparatus  consists  of  » 
stationary  metal  base  with  a  square  polished  movable  pUte  or  table 
having  perforations  for  holding  the  various  sizes  of  capsules,  and 
which  can  be  raised  or  lowered  by  meaus  of  a  thumbscrew.  Tlie 
perforations  are  arranged  in  fields  of  60  for  each  Nos.  2,  3,  4,  5,  and 

00  gelatin  capsules,  and  of  56  for  each  Nos.  1  and  0.     When  in 

position  for  filling,  the  lower 
Fio.  2(10.  portion     of     the    capsule? 

should  rest  on  the  \»se  and 
the  upper  plate  he  raised  -ji 
that  the  top  of  the  eapsulw 
is  slightly  helow  the  su^ 
face  of  the  upper  plate.    A 

1  meta!  square  accompanying 
each     apparatus     Is    next 

I  placed  in  proper  position,  as 

shown  in  the  illustration.  :«> 

as  to  separate  the  capiMile? 

to  be  filled   from   pprfrtra- 

tions   not   in    use,  awl  the 

powder  having  been  distributed  with  a  spatula  or  mmel-hair  peoril 

IS  prcs.sod  into  the  capsules  by  means  of  a  metallic  triple  pnncli. 

as  shown  in  Fig.  261,     In  order  to  enable  the  operator  to  pnt  the 

tops  oil  the  capsules,  the  upper  plate  is  lowered,  as  shown  in  Fic- 

262,   when  the  cap  can  be  quickly  adjusted.     An  important  pmnl 

in  filling  powders  into  gelatin  capsules  is  to  use  capsules  oi  tbe 
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er  aize  to  hold  the  required  quantity  of  powder  nicely,  and  thia 
I  be  determined  tentatively.     Manufacturers  of  gelatin  capsules 


:st  (he   following  guide  for  approximate  capacity  of  empty 
les,  which  will  enable  pharmacists  to  make  a  suitable  selection 


it  much  trouble,  hearing  in  mind,  however,  that  the  capacity 
according  to  the  degree  of  compression  exerted  in  filling: 


Stie  of  CapBUli 
iSnbnittate.  .  .  . 
idioe  SuIpbaU  .   . 

td  Atoes 

kl  Rhiibart)    .   .    . 
Salphate    .... 

Add 


No,  I  00.  I    0.  I    1.  I    2.  I    3.  I    4.  (   J 


Ore. 

20 

14 

10 

8 

6 

4 

2 

Ore. 

8 

6 

4 

2 

H 

On. 

12 

8 

fl 

3 

2 

n™. 

10 

7 

5 

3 

2 

Ore. 

12 

8 

« 

3 

2 

Grs. 

8 

6 

4 

2 

u 

Ors. 

10 

7 

R 

8 

2 

Ore. 

8 

6 

4 

3 

2 

u 

PRACTICAL  PHARMACY. 


The  use  of  wafers  is  not  ao  maob  in  v(^e  in  this  couotij  is  in 
Europe,  but  they  are,  in  many  respects,  preferable  to  cspsate;  Is 
compression  of  the  material  is  necessary,  and  the  envelope,  nude  of 
rice-flouT,  is  more  readily  disintegrated  in  the  Btomach.    ^miAm 


small  square  or  circular  sheets  of  wafer  paper  are  ordered,  tod  Ae 
patient  is  directed  to  enclose  each  dose,  as  wanted ;  this  is  dooe  1^ 
dipping  the  wafer  into  cold  water,  whereby  it  is  rendered  flacod;  A 


The  "  KooGeal "  Alllog  ai 


I  cloilDg  *ppanttai. 


is  then  laid  over  a  spoon,  the  powder  placed  in  the  ceotre,  ana, 

edges  having  been  folded  over,  it  ie  swallowed  with  a  draugol  o 

water.  ,.u 

The  small  round  wafers  known  as  cachets  are  inteaaed  to  oe 


sealed  by  pharmacists.  Various  appliaaeee  have  been  proposed, 
fhjch  that  extensively  used  in  Europe  iu  connection  with  Mohr- 
t's  cachets  is  decidedly  the  most  desirable,  as  it  is  simple  in  con- 
;tion  and  quickly  operated ;  the  device  is  sold  in  this  country  by 
[.  Grosvenor  &  Co.,  of  Boston,  as  the  "  Konseal "  filling  and 


ng  appanttDB,  and  is  fulJy  illustrated  and  described  further  on. 
use  of  the  word  "  konseal  "  in  place  of  cachets  or  wafers  does 
strike  one  as  particularly  appropriate,  and  is  to  be  regretted. 
"  konseals,"  or  cachets,  are  concave  disks  made  of  rice-flour  and 
T  ;  they  are  of  convenient  form,  perfectly  digestible,  keep  per- 
ently  for  years,  and  are  prepared  in  six  sizes,  shown  in  Fig.  :i63, 
ing  in  capacity  from  1  to  10  or  20  grains  of  dry  powder. 


!ie  "  Konseal "  filling  and  closing  apparatus  consists  of  three 
Ued  plates  suitably  hinged  (see  Fig.  264) ;  the  centre  plate  B  is 
ded  with  36  concave  depressions,  to  suit  the  different  sizes  of 
s,  and  the  two  other  plates  (A  and  C)  are  perforated  in  a  man- 
I  correspond  exactly  to  the  depressions  in  B.     The  wafers  are 
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first  pressed  into  the  spaces  of  A  &ad  B  adapted  for  the  pirticular 
Hze  selected  ;  one  of  the  short  fuonels  accoropaoyiiig  the  spparatQ.' 
having  beeo  inserted  into  the  proper  perforation  of  plate  C,  ibe 
latter  is  folded  over  on  to  plate  B,  as  shown  in  Fig.  265.  Tbepo»- 
ders  are  next  poured  into  the  wafers,  as  shown  in  Fig.  ^6,  ana,  if 
necessary,  owing  to  large  bulk,  are  slightly  compressed  willi  ibe 
thimble  furnished  for  the  purpose  ;  small  quantities  of  ihe  pwfei 
can  be  conveniently  fed  into  the  wafers  without  the  use  uf  funnel  or 
thimble.  When  the  required  number  of  wafers  has  been  filled  pliw 
C  is  turned  back  from  plate  B,  and  the  damping  roller{not  toowtii 
passed  over  the  wafers  in  [ilate  A,  as  shown  in  Fig.  267,  wbercbi 
the  edges  of  the  wafers  are  sufficiently  moistened  to  cause  them  lu 


adhere  closely  to  the  other  wafers  when  plate  A  is  closed  down  ovw 
plate  B  with  a  little  pressure.  Finally,  on  opening  the  appar»lu^ 
the  sealed  wafers  will  he  found  adhering  to  plate  A,  and  can  be  o--".^ 
pushed  out  by  the  fingers  or  with  the  thimbles. 

When  powders  are  to  be  dispensed  in  ^vafers  it  will,  of  cwi*' 
be  necessary  first  to  make  the  required  number  of  division;  "" 
paper,  either  by  weighing  or  measuring  with  the  eye;  in  fcut^l* 
a  graduated  glass  tube  with  hard-rubber  piston  is  said  to  be  ds^ 
for  the  same  purpose.  _        ^ 

The  Pharmacopceia  furnishes  formulas  for  the  preparation  <>'  ■ 
compound  powders,  but  directs  the  division  into  aoses  in  only 
case.     The  following  is  a  list  of  the  official  powders  and  tb&r  cca- 
position : 


POWDERS. 


COXPOUND  POWDEBS  OF  THE   U.   S.   PHARMAOOP<EIA. 

IaUd  Name.  Engllab  Name.  Compos! Hon. 

.    Aeettnilidl/ Compound  Acttnilide/i"!?!""'''*'  '   '   '    ( J  *? 


Aromatic  Powder  . 


I  Saigon  Ciiu 
Ginjter a 
CardamoiD  ( depri  ved 
ol' capsules)  .    .    .    ] 
Nuim^    . 


- '     *" U'W 50    " 

I      (Seidlitz  Powder.) 


Licorice 


I     Sodium     _ . . 
I  Tartaric  Acid  . 

iGlycyrrhlia     . 
Washed  Sulphi 
Oil  of  Fennel  . 
Sugar    .   .    .   . 
Powder  of  Ipecac  and  l  Ipecac  .   .    .    . 
Opium  .....    U)piiim  .    .    .    . 
(Dover'a  Powder.)     }  Sugar  of  Milk 
Ja]ap«eCom-  fc^^jp^,,,^  Powder  of   J  Jalap 


I  IpecacuanhK  J 

'P" j 


7.748+    ' 
2.250 
ISO  Gm. 


I  Purgans.) 


Jalap \  PoiaHsium  Bitarttate  65    " 

I  Morphine  Sulphate      1.5  Gm. 

Camphor 32       " 

Olycyrrhiia     ...  33       " 
Precipitaled  Cal- 

ci.im  Carljonate  -  33.5    " 

(Compound  Powder  of  J  S''"^?",     '       "   '  ^^r 


SFEOIAL  BEHABKS. 

the  case  of  compound  chalk  powder  and  compound  jalap 
er,  the  ingredients  being  already  in  a  state  of  fine  powder, 
s  admixture  with  light  trituration  is  necessary. 
ilvis  Aronmticns ;  Aromatic  Powder. — Cardamom  deprived 
:  capsules  is  directed,  becaui^  the  latter  are  inert  and  cannot  be 
;d  to  fine  powder;  the  crushed  seed  and  coarsely  powdered 
^  (best  obtained  by  grating)  can  readily  be  brought  to  a  state 
^  powder  by  trituration  with  about  one-half  of  the  cinnamon, 
at  the  same  time  slight  pressure. 

Ivis  Efferrescens  Compositas;  Seidlitz  Powder.— The 
etl  "  Seidlitz  Mixture"  of  commerce  is  not  always  of  the  com- 
in  prescribed  by  the  Pharraacopceia ;  hence  it  ie  better  to  make 
(ranted,  by  mixing  1  part  of  sodium  bicarbonate  with  3  parts 
chelle  Salt.     The  alkaline  mixture  is  usually  put  up  in  blue 

and  the  acid  powder  in  white  paper.  The  small  wooden 
res  intended  for  rapid  division  of  tlie  powders  are,  as  a  rule,  not 
n  ;  moreover,  the  quantity  of  material  that  can  be  compressed 
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into  these  measures  varies  considerably  with  the  condition  of  the 
atmosphere,  which  renders  them  unreliable;  hence  the  prescribed 
quantities  should  be  weighed  for  each  paper,  being  10.333+ Gm, 
(160  grains)  of  Seidlitz  Mixture  and  2.25  Gm.  (35  grains)  of  tar- 
taric acid.  The  powders  should  be  protected  against  dampness,  and 
it  will  be  found  advantageous  to  dispense  the  acid  in  parebmeDt 
paper. 

Pulvis  Olycjrrrhua  Oompositus ;  Oompound  Licorice  Pow- 
der.— By  triturating  the  oil  of  fennel  with  a  part  of  the  sugar, 
before  adding  the  other  ingredients,  its  distribution  in  the  powder  i& 
greatly  facilitated.  The  use  of  oil  in  place  of  powdered  fennel  is 
advantageous,  as  the  finished  mixture  can  then  readily  be  pa^ 
through  a  No.  80  sieve,  and  the  finer  the  powder  the  better  it  is; 
moreover,  the  product  will  not  assume  by  age  that  disagreeable  odor 
which  has  been  observed  when  the  powdered  seed  is  used. 

PiQyis  Ipecacuanha  et  Opii  ;  Powder  of  Ipecac  and  Opiiun, 

or  Dover's  Powder. — The  Pharmacopoeia  directs  sugar  of  milk  to 
be  used  in  rather  coarse  powder,  so  that  the  fragments  of  crystal?, 
being  very  hard,  may  serve  to  grind  the  vegetable  powders  to  an 
impalpable  condition  during  the  necessary  prolonged  trituration. 
Since  the  finished  product  contains  10  per  cent,  each  of  ipecac  and 
opium,  an  average  adult  dose,  .0648  Gm.  (10  grains),  of  the  powder 
will  represent  0.0648  Gm.  (1  grain)  of  each  active  ingredient. 
Dover's  powder  is  a  favorite  diaphoretic. 

Ptdvis  Morphinse  Oompositus ;  Compound  Morphine  Pow- 
der, or  TuUy'a  Powder. — The  value  of  Tully's  powder  resides  in 
the  camphor  and  morphine  present,  the  licorice  and  precipitated 
chalk  serving  simply  as  diluents.  In  order  to  secure  the  camphor 
in  very  fine  division,  it  must  be  triturated  with  a  little  alcoliol  and 
at  once  mixed  with  the  diluents,  the  morphine  being  incorporated  by 
adding  to  it  the  other  mixed  powders  in  small  quantities  at  a  time. 
Each  gramme  of  the  finished  product  represents  0.015  Gm.  of  mor- 
phine and  0.32  Gm.  of  camphor,  or  10  grains  contain  nearly  \  grain 
of  the  former  and  about  3  grains  of  the  latter.  Owing  to  the  vola- 
tile nature  of  the  camphor,  the  powder  should  always  be  dispensed 
in  paraffin  or  parchment  paper. 

JPulvis  Rnei  Oompositus;  Oompound  Rhubarb  Powder.— 
The  best  plan  for  thoroughly  blending  the  magnesia  with  llie  rhu- 
barb and  ginger  will  be  to  mix  the  last-named  two  powders  fir4, 
then  add  the  magnesia,  in  small  quantities  at  a  time,  triturating  without 
pressure,  and,  finally,  pass  the  whole  mixture  through  a  bolting- 
cloth  sieve. 

TRITURATIONS. 

Under  this  head  the  Pharmacopoeia  recognizes  mixtures  of  rem^ 
dial  agents  and  sugar  of  milk,  in  the  form  of  a  very  fine  powder, 
made  in  such  proportions  that  each  Gm.  of  the  mixture  shall  con- 
tain 0.100  Gm.  of  the  active  ingredient,  or  1  grain    represent  fy 


POWDEBS.  407 

grain.  The  general  official  directions  for  making  triturations 
I  mix  the  eubetaDce  in  a  mortar  with  an  equal  weight  of  sugar 
ilk,  both  in  moderately  fine  powder,  and  then  to  triturate  thor- 
ly  twether,  adding  fresh  portions  of  sugar  of  miik  from  time  to 
until  9  parts  of  the  latter  shall  have  been  mixed  with  1  part 
e  substance,  and  the  whole  reduced  to  a  very  fine  powder.  The 
Dlage  of  using  moderately  fine  powder  io  the  beginning  consists 
i  more  intimate  admixture  of  the  ingredients  brought  about  by 
irolonged  trituration  nece.'*sary  for  reduction  to  fine  powder. 
atone  trituration  is  oflScially  designated,  namely,  "Trituration 
laterin"  ;  this  is  a  mixture  of  10  Gm.  of  elat«rin  and  90  Gra. 
igsr  of  milk,   made  according  to  the  general  directions  given 

OIL-STTaASS. 

'owdere  of  this  class  are  chiefly  used  as  correctives  or  flavoring 
ts,  and  are  prescribed  by  pliysicians  under  the  name  Oleosao- 
a  or  Elteosacchara.  These  are  extensively  employed  in  Europe, 
cularly  in  Germany,  but  are  not  rec<^nized  in  our  Pharma- 

'il-sugars  are  composed  of  powdered  cane-sugar  and  volatile  oil 
,  each  drachm  of  the  former  requiring  the  addition  of  2  dnips 
le  latter,  the  two  being  thoroughly  mixed  by  trituration  ;  they 
Id  be  freshly  made  when  wanted.  When  prescribed,  the  par- 
ir  kind  is  designated  by  specifying  the  name  of  the  oil  to  be 
;  thus,  oleosaccharum  or  el»osaccharum  auisi,  menthte  piperitas, 
;uli,  limonis,  etc.,  meaning  oil-sugar  of  anise,  peppermint, 
it,  lemon,  etc. 


CHAPTER    XXXII. 

GRANULAR  EFFERVESCENT  SALTS. 

The  administration  of  remedial  agents  in  the  form  of  effervescent 
draughts  has  become  quite  popular  during  the  past  twenty  years, 
and,  as   the    solutions   are    only  agreeable   when  freshly  made,  it 
is  necessary  to  have  the  remedies  in  convenient  form  for  extem- 
poraneous preparation  of  the  draught.     Such  a  form  is  presented  bv 
the  granular  effervescent  salts  of  the  market.     While  the  Pharma- 
copoeia  recognizes   but  5   preparations  of  this  class,  a  very  large 
number  is  offered  by  manufacturers,  and,  as  they  are  easily  made, 
without   elaborate   apparatus  and   appliances,  their  preparation  is 
within  the  reach  of  all  pharmacists.     The  combination  consists  of 
the  active  medicinal  ingredients,  the  effervescent  agents,  and  fre- 
quently sugar,  to  improve  the  taste.     As  a  base  for  producing  the 
effervescent  draught,  sodium  bicarbonate,  with  citric  or  tartaric  acid, 
or  a  mixture  of  the  two  acids,  is  employed.     Effervescent  granules 
made  with  citric  acid  are  preferable  to  those  made  with  tartaric 
acid,  and  will  keep  better,  since  they  are  much  firmer ;  as  a  rule,  a 
mixture  of  the  two  acids  is  used.     All  ingredients  must  be  dry  and 
mixed  in  the  form  of   fine  powder.     The  method  of  granulating 
the  mixture  will  vary  with  different   operators;   while   for  small 
quantities,  such  as  the  pharmacist  is  likely  to  handle,  dampening 
of   the   powders  with    95  per  cent,  alcohol  and  then  rubbing  the 
paste  through  a  sieve  offers  the  most  convenient  plan,  large  manu- 
facturers  subject  the  mixed  powders  to  a  temperature  sufficiently 
high  to  fuse  some  of  the  constituents,  and  thus  obtain  the  necessary 
adhesiveness. 

The  Pharmacopoeial  directions  for  the  preparation  of  granular 
effervescent  salts  are  to  place  the  mixed  powders  on  a  plate  of  glas5 
or  in  a  dish,  in  an  oven  heated  to  between'  93°  and  104°  C.  (199.4^ 
and  219.2°  F.).  When  the  mixture,  by  the  aid  of  carefiil  manipu- 
lation with  a  wooden  spatula,  has  acquired  a  moist  consistence,  it  i>* 
to  be  rubbed  through  a  No.  6  tinned  iron  sieve,  the  resulting  gm- 
ules  being  dried  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.l 
In  order  to  prevent  drying  out  of  the  powder  before  it  unden^^ 
semifusion,  the  plate  or  dish  should  be  heated  in  the  oven  some  time 
before  the  powder  is  to  be  heated. 

Whenever  sugar  is  present  in  the  mixture  to  be  granulated,  carv 
must  be  observed  in  the  application  of  heat,  to  avoid  a  yellmu>h 
coloration  of  the  granules ;  moreover,  the  sodium  bicarbonate  is  likely 
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lose  carbon  dioxide  if  heated  beyond  72°  C.  (lei-S"  F.),  thus 
jering  the  preparation  deficient  in  effervescent  properties.  If 
ihol  be  used  to  make  a  pasty  mass  of  the  well-mixed  powders, 
«  difficulties  are  avoided,  since  a  temperature  not  above  60°  C. 
3°  F.)  will  be  found  quite  sufficient  for  drying  the  damp  granules ; 
stronger  the  alcohol  used  and  the  sti£fer  the  paste  made,  the  bet- 
M-ill  be  the  granular  condition  of  the  salt,  especially  if  the  sub- 
lent  drying  can  be  conducted  in  drying-closets  kept  at  a  constant 
perature. 

ill  the  required  ingredients  for  effervescent  grannies  must  be 
1  in  fine  powder  and  thoroughly  mixed  before  an  attempt  at 
lulation  is  made ;  trituration  in  a  mortar  is  not  desirable,  since 
resulting  pressure  is  likely  to  cause  reaction  between  the  sodium 
rbonate  and  acid,  hence  intimate  admixture  is  best  effected  by 
ing  the  mingled  powders  repeatedly  through  a  sieve  (preferably 
50).  It  will  also  be  found  advantageous  to  mix  the  sodium 
rbonate  thoroughly  with  the  sugar  (if  the  latter  is  to  be  used) 
ire  adding  the  acid.  Strong  alcohol  only  should  be  used  {not 
w  94  or  95  per  cent,  by  volume)  for  making  a  paste  that  can  be 
rubbed  through  the  sieve,  otherwise  thepresenceof  much  water 
cause  loss  of  carbon  dioxide  and  yield  a  .soft  muss,  which  will 
remain  in  separate  granules  while  drying.  The  quantity  of  alco- 
neeesgary  will  vary  with  the  composition  of  the  mixture ;  when- 
'  citric  acid  or  salts  containing  water  of  crystallization  are  present 
sser  quantity    should    be   use<I. 

Veil-tinned  sieves  must  be  used,  through  which  the  pasty  mass 
ibbed  with  the  hands,  otherwise  the  granules  will  not  be  per- 
y  white.  A  No.  6  or  No.  8  sieve  yields  the  most  desirable  size 
:ranules,  from  which  the  fine  particles,  which  are  invariably 
led  along  with  the  coarser,  can  be  readilv  separated  by  shaking 
No.  20  or  No.  30  sieve. 

l11  effervescent  powders  should  be  preserved  in  well-stoppered 
ea,  in  a  dry  place,  as  they  are  inclined  to  attract  moisture  from 
lir,  and  thus  rapidly  deteriorate. 

Effervescent  Salts  of  the  U.  8.  Phaiimacop(eia. 

LaUn  X&me.  Engllih  Name.  CompoaillOD. 

(Citraled  Cnlfeine    ....    40  Gm. 
Sodium  Bicarbonate  ...  570    " 
Tartaric  Acid 300    " 
Citric  Acid 195    " 

f  Lithium  Citrate     ....    .50  Gm. 
extras  Effer-  f  Effervescent    Lithium  J   Sixiium  Bicarbonate  .    .    .  .570    " 

jena      .    .    .   .  \      Citrate |   Tartaric  Acid     .    .        .   .  30O    " 

[  Citric  Acid 195    " 

(MaaneHinm  Sulphate    .   .  500  Gm. 
Sodium  Bicarbonate  .   .    .  403    " 
TartaricAcid 211    " 
Citric  Acid 130    " 
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ErPEBvmCEHT  Salts  op  tbb  U.  S.  Puaiul4cop<eu.— (Cbnlmwil) 
LaUoNHme.  Eikgllih  Nuae.  Compocltion. 

I  Potassium  CitraU  .  .  .  .  !O0 
Sodium  Bicarbonate  .  i~ 
TftTtaric  Acid  2K 
Citric  Acid 16i 

I  Exsiccated  Sodium  Plioe- 
scSl;r»Bi«rbo,...: :  ;^ 
Tartaric  Acid 2J0 
Citric  Acid 162 


SPECIAL  RZHASKS. 

In  all  the  above  preparations  careful  obeer\'ation  of  the  nfl 
directions  will  lead  to  satisfactory  results. 

Effervescent  Citrated  Caffeine.— The  present  official  eSei 
cent  citrated  calfeine  differs  from  former  preparations  in  contal 
twice  as  much  citrated  caffeine,  4  per  cent.,  and  also  in  the 
absence  of  sugar. 

Effervescent  Lithium  Citrate. — This  preparation  is  not  iden 
with  tlie  one  formerly  rec<^nized  under  that  name ;  the  latter  occi 
in  form  of  a  fine  powder  composed  of  lithium  carbonate,  citric 
so<1!uni  bicarbonate,  and  sugar  in  suitable  proportions,  and  i 
dissolved  in  water  yielded  an  effen'escent  solution  of  lithium  cii 
The  quantity  of  lithinm  carlx>nate  present  was  sufficient  to  prt 
nearly  9  per  cent,  of  cnstallized  citrate,  of  which  latter  sal 
present  official  preparation  contains  5  per  cent.  Moreover,  no  ; 
IS  now  used  in  the  granular  salt. 

Effervescent  Ibgnesinm  Sulphate. — In  the  case  of  effen-c 
magnesium  sulphate,  a  preliminarv  dr)'ing  of  the  salt  is  nece 
because  magnesium  sulpliate  contains  over  50  per  cent,  of  wat 
crystallization,  the  presence  of  which  would  render  granulalio 
possible,  or  at  least  a  verv  tedious  operation ;  the  Pharmac 
therefore  directs  that  the  salt  shall  be  heated  on  a  water-bath  \v 
ceases  to  lose  weight,  whereby  about  five-sixths  of  the  wa 
removed.  The  nearly  anhydrous  salt  is  then  reduced  to  powdt 
mixed  with  the  other  ingredients  and  granulated.  Official  magn 
sulphate  represents  about  one-half  its  weight  of  the  crj'Sts 
salt. 

Effervescent  Potaasimn  Citrate. — While  the  former  prepa 
of  this  name  was  simply  a  mixture  of  citric  acid,  potuf^am 
bonate  and  sugar  in  such  proportions  that  when  dissolved  in  w 
neutral  salt  would  be  pn)duecd,  the  present  granular  prepa 
contains  20  per  cent,  of  potassium  citrate,  less  than  one-half  as 
as  formerly,  which  is  deprived  of  its  water  of  crystallization 
per  pent,  before  being  mixed  with  the  other  ingredients.  The 
lias  likewise  been  omitted. 

Effervescent  Sodinm  Phosphate. — The  object  of  directii 
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of  exsiccated  sodium  phosphiite  in  the  preparation  of  the  effer- 
Mnt  sodium  phosphate  is  to  avoid  the  annoying  interference  of 
laree  quantiihr  of  water  (60  per  cent.)  present  in  the  official  crys- 
ized  salt.  Exsiccated  sodium  phosphate  is  best  prepared  I>y 
losing  the  crystallized  salt  for  several  days  to  warm  air  at  a  tem- 
ature  of  25°  to  30°  C.  (77°-86°  F.)  and  then  heat  to  100°  C. 
2°  F.)  until  it  ceases  to  lose  weight.  By  this  plan  the  crystals 
™ly  effloresce  and  fusion  is  avoided,  the  water  being  driven  off 
idually,  and  the  salt  is  obtained  in  a  pulverulent  condition. 


CHAPTER  XXXIII. 

OINTMENTS  AND  CEBATES. 

)TH  clasBes  of  these  preparations  are  intended  solely  for  eite 
lation ;  they  are  of  similar  composition,  of  unctiious  cbarai 
ing,  however,  from  each  other  in  degree  of  firmness  and 
While  the  U.  8.  Pharmacopceia  officially  reo<^izes 
ence  between  ointments  and  cerates,  this  distinction  is 
lained,  as  a  rule,  in  Enrope.  The  British  and  German  F 
pceias  designate  both  claaseB  as  ointments ;  in  France  the 
tade  is  applied  to  all  ointments  made  with  a  purely  fatty 

if  a  small  proportion  of  wax  be  present;  while  the 
mt  is  only  used  if  a  resinous  or  similar  substance  lias 
!,  the  name  drat  being  reserved  for  mixtures  of  fat  and 
ining  at  least  as  much  svax  as  our  own  cerates, 
I  the  preparation  of  ointments  and  cerates  it  ia  of  impor 
[)erfect!y  smooth,  homogeneous  mixtures  be  obtained,  and 
iitty  vehicle  be  absolutely  free  from  rancidity,  since  the 

applied  to  tender  excoriated  surfaces,  and  would  othe 
i  a  source  of  irritation  instead  of  a  soothing  applia 
p3  or  gritty  particles  in  ointments  indicate  unparaunabJe 
9SS  on  the  part  of  the  dispenser. 

intments  and  cerates  made  with  yellow  wax  or  resin  an 
i  to  deterioration  than  when  made  with  white  wax,  sine 
:  during  the  bleaching  process  undei^oes  incipient  ranei 
should  ne  preae.rve<l  in  well-glazed,  covered  porcelain  jars 

in  a  dry,  moderately  cool  place.  The  true  porcelain 
ugh  somewhat  expensive,  are  to  be  preferred,  as  they  are  et 
rmeable  to  grease  and  can  be  thoroughly  cleaned  with  hot 
lye  whenever  empty  ;  the  author  had  a  set  of  these  j» 
ant  use  for  over  fifteen  years  without  ever  having  an  oim 
rancid  in  them.  Glass  stock  jars  are  offered  at  a  mach 
,  but  will  often  crack  while  being  cleaned,  particularly  wit 
p,  yet  they  are  vastly  superior  to  the  ordinary  white  chi 
iisware  covered  jar,  since  the  glazing  of  the  latter  soon  bei 
)f  fine  cracks,  through  which  the  fat  permeates  and,  grad 
ng  rancid,  contaminates  the  contents  of  the  jar ;  moreovi 
int  of  washing  will  remove  the  rancid  grease  entirely  froi 
:  of  the  jars,  hence  they  soon  become  unfit  for  use.  The 
Ition  of  ointments  and  cerates  cannot  be  p^eser^■ed  wi 
?r  care  and  cleanliness ;  unfortunately  these  precautions  art 
requently  disregarded  by  pharmacists. 


OISTMEm'S  AND  CERATES. 


onrrMENTs. 


Ointments  may  be  convenieDtly  divided  into  distiuct  classes  in 
«rtJ  to  their  therapeutic  effect,  thus:  1.  Protective  ointments, 
ich  are  non-absorbable  in  character  and  act  strictly  epidermatically 
hat  iS,  on  the  outer  ekiu  or  cuticle.  2.  Emollient  ointments, 
ich  have  nutritive  or  absorhefacient  properties  and  act  endermati- 
y  or  by  penetrating  into  the  skin.  3.  Ointments  which  produce 
temic  or  constitutional  effects,  and  must  therefore  be  ahsurbable, 
ictrating  not  only  into  hut  through  the  skin.     This  diiference  in 

therapeutic  effects  desired  necessitateu  careful  selection  of  the 
icle  intended  for  exhibition  of  the  medicinal  agents.  Non- 
orbable  ointments  intended  to  produce  some  medicinal  effect  on 

outer  skin,  such  as  astringent,  counter-irritant,  antiseptic,  g^r- 
lidal  or  similar  effect,  or  possibly  as  protective  agents,  may  there- 
!  be  made  with  petrolatum  or  a  mixture  of  the  same  with  hard 
affin,  which  latter  combination  is  to  be  preferred  in  warm  weather 
accoimt  of  its  higher  fusing-point.  The  British  and  German 
trmacopceias  recognize  such  a  vehicle  under  the  name  unguentum 
raffini,  which  in  ttie  former  case  consists  of  hard  paraffin  3  parts 

soft  parafGn  4  parts,  and  in  the  latter  case  of  hard  paiafcin  1 
t  and  liquid  paraffin  7  parts;  hence  the  British  preparation  is 
;h  the  firmer  of  the  two.  For  emollient  ointments  designed  to 
etrate  into  the  skin  for  the  purpose  of  producing  a  deeper  local 
ct,  such  as  anodyne,  stimulant,  resolvent,  etc.,  preference  should 
riven  to  lard,  lard  mixed  with  wax,  lard  and  oil,  oil  and  wax,  or 

wax,  and  spermaceti.  As  stated  on  page  206,  the  lard  to  be 
1  for  ointments  should  be  free  from  water  and  other  impurities. 
)  absorbent  properties  of  these  bodies  permit  the  admixture  of 
licinal  agents  in  the  form  of  solution  either  in  water,  alcohol, 
«rin,  oleic  acid,  or  oil.  In  the  last  group  of  ointments,  which 
intended  to  produce  systemic  or  constitutional  effects,  vehicles 
aid  be  employed  which  penetrate  not  only  into  but  through  the 
1,  thereby  permitting  the  absorption  of  the  remedial  agent  present. 
substance  is  known  to  possess  these  properties  to  a  greater  degree 
1  wool  fat  and  the  modified  form  of  the  same,  officially  rea^ 
d  under  the  name  hydrous  wool  fat,  and  commonly  designated 
inolin,  which  are  themselves  closely  related  to  the  fat  secreted 
:he  sebaceous  glands  of  the  human  body.  Wool  fat  can  readily 
ombined  with  its  own  weight  of  water  and  even   lai^r  quanti- 

whereas  lard  takes  up  only  about  one-fifth  of  its  weight  of 
ir  and  soft  paraffins  not  more  than  10  per  cent, 
rhe  official  glycerite  of  starch  is  sometimes  used  by  physicians 
er  the  name  of  ]>lasma  or  ptaama  glycerim  as  a  vehicle  for  oint- 
ts,  io  place  of  lard  or  petrolatum.  It  possesses  the  advantage 
ot  being  of  a  fatty  nature,  and  hence  easily  removed  by  washing 
I  water,  and  never  becoming  raucid ;  but  as  it  is  somewhat  hygro- 
ic  it  must  be  preserved  in  well-closed  jars.     It  ia  especially  pre- 
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ferred  by  oculists  for  the  application  of  lead  acetate,  mercuric 
and  similar  subslaaces  to  ti>e  eyelids. 

Dermatologists  have  long  been  looking  for  an  ointmeDt  b 
vehicle  which,  while  no n- irritating,  should  not  be  of  a  greasy 
it  possible,  so  as  to  render  its  use  more  convenient  and  agre« 
patients.  Numerous  substances  have  been  suggested,  such  ass 
or  polysolve  and  oleite,  which  are  alkali  sulpho-ricinoleates,  > 
sucn  misciblc  with  water ;  gelatole,  a  mixture  of  oleite  and  g 
and  similar  semi-solid  preparations,  to  be  applied  in  the  fon 
thin  layer  or  vamish-like  coating.  The  most  successful  ii 
resoect  appears  to  have  been  a  vehicle  composed  of  casein,  gl; 
ana  soft  paraffin,  which  is  used  in  Europe  under  the  name  w, 
(um  caseini.  According  to  Dr.  Unna,  the  originator  of  this  pr 
tion,  it  is  made  by  separating  casein  from  milk,  entirely  depri 
its  fut  or  cream,  by  addition  of  rennet  at  a  temperature  of 
35°  C  (95"  F.),  collecting  the  curd,  washing  free  from  aci( 
finally  drying.  Of  the  dried  and  powdered  casein,  1400  pai 
dissolved  in  5000  parts  of  a  weak  alkaline  solution,  oontaioin 

firts  of  potassium  hydroxide  and  8.5  part^  of  sodium  hydi 
o  this  solution  add  50  parts  of  carbolic  acid  and  700  parfci  ot 
erin,  and,  when  dissolved,  50  parts  of  zinc  oxide  and  2100 
of  vaselin  are  incorporated,  and  finally  suflScient  water  is  ad 
bring  the  total  weight  np  to  10,000  parts.  The  finished  prept 
resembles  very  soft  cold  cream  or  thick  condensed  milk,  is  fre 
greasiness,  and  is  said  to  be  readily  removed  from  the  skii 
water.  Casein  ointment  is  incompatible  with  acids  and  arid 
but  can  he  mixed  with  metallic  mercury,  tar,  balsam  of  Peru 
powdered  vegetable  or  mineral  substances  should  first  be  miie- 
a  little  vaselin  before  incorporation. 

As  regards  the  mode  of  preparation  of  ointment^  three  d 
methods  are  followed,  namely,  by  fusion,  by  incorporation 
medicinal  agent  with  a  snitublc  vehicle,  and  by  ciiemiciil  i 
Wlien  ointments  are  to  be  made  by  fusion,  those  constituenb  I 
the  highest  fusing-point,  as  rosin,  wax,  and  spermaceti,  shoi 
heated  first,  and,  when  nearly  melted,  the  lard  or  oil  added,  b 
in  mind  that  as  long  as  some  of  the  particles  remain  unmelted 
is  no  danger  from  the  continued  application  of  heat,  which  s 
however,  be  withdrawn  in  time  to  avoid  a  rise  in  temperature 
melted  fata  (see  page  93),  Fusion  of  ointments  is  preferabl; 
formed  on  a  water-bath,  in  round-bottom  pans  or  evaporating-" 
and,  if  dirt  be  present,  the  melted  mixture  may  be  decantea, 
necessary,  strained  through  cheesecloth  into  a  previously  w 
dish  or  monar;  the  liquid  should  then  be  stirred  untilahoniogi 
soft  mass  results,  after  which  it  may  be  set  aside  and  allov 
stiffen  by  furtlier  gradual  cooling.  The  stirring  of  melted  fats 
cooling  is  essential  to  insure  a  perfectly  smooth  product,  sine 
are  com)>osed  of  solid  and  liquid  bodies,  which,  during  the  o 
process,  become  partially  sejmrated,  producing  a  granular  sol 
congealing,  if  allowed  to  cool  at  perfect  rest,  as  may  be  seen  i 


Ointment i   , 

(  CKntmeDt    of    Bose 

\       Water 

(  (Cold  Cream.) 


!   Diachylon  Ointment 
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t  of  plaia  lard  ;  moreover,  in  &  mixture  of  melted  ikts  those  hav- 
a  higher  fusing-point  would  naturally  congeal  earlier  than  the 
; ;  therefore,  unleas  an  intimate  mixture  be  kept  up  by  constant 
ring  separation  would  ensue  and  a  lumpy  ointment  result.  The 
at  of  danger  may  he  said  to  have  been  passed  when  the  melted 
Iment,  being  continually  stirred,  has  so  far  cooled  that  a  uni- 
n  thick,  creamy  mass  is  obtained ;  for  starring,  a  broad  wooden 
tula  will  be  found  advantageous.  When  lai^  quantities  of 
leous  liquids  are  to  be  incorporated  with  melted  fate,  as  in  the  case 
-ose  water  ointment,  the  liquid  should  be  warmed  and  then  slowly 
led,  with  constant  trituration,  to  the  mixed  fats  previously  some- 
it  cooled ;  otherwise  the  less  fusible  constituents  will  be  chilled 
the  cold  Uquid  and  separate  in  granular  form,  thus  preventing  a 
mth  ointment.  The  following  ointments  are  officially  directed  to 
made  by  fusion : 
iMlIn  Nune.  Engllah  Nune.  CompoalUoii. 

Benzoinated  I^rd     ....  800  Om. 

White  Wax 200    " 

Spermaceti 125  Gm. 

White  Wai 120    " 

ExprMsed  Oil  of  Almond    .  560   " 
Stronger  Rose  Water    ...  190    " 

Sodium  Borate 5    " 

Lead  Plaster 500  Gm. 

Olive  Oil 490    " 

,  Oil  of  Laveiider 10   " 

■  Tar 500  Gm. 

.  ij_       ~  ■     i  iT  tjiniment  ...      lard 350   " 

I""*"  ■   I  t  Yellow  Wax 150    " 

lentum      Zaa  f  Ointment    of    Zinc  f  Zinc  Slearate 50  Gm. 

Mtmtis  ....   1      Stearate    ....   I  White  Petrolatum     ....    60    " 

[n  the  preparation  of  the  official  rose  water  ointment  it  is  essen- 
that  a  perfect  solution  of  the  borax  in  the  rose  water  be  effected, 
to  prevent  sudden  chilling  of  the  fatty  mixture  the  borax  solti- 
should  be  warmed  somev^at.  Constant  stirring  is  necessary  to 
luce  a  smooth,  creamy  ointment.  The  addition  of  borax  to  the 
ial  rose  water  ointment  gives  the  latter  a  whiter  and  more  creamy 
trance,  but  at  the  same  time  interferes  with  the  admixture  of 
tin  cheinicals,  such  aa  calomel,  yellow  mercuric  oxide,  etc.,  caue- 
discoloration  of  the  ointment.  Vegetable  or  mineral  powders 
lot  be  mixed  in  quantity  with  rose  wat«r  ointment  without  forc- 
the  water  out  of  combination. 

Jnlesfl  the  lead  plaster  for  diachylon  ointment  be  fresh,  it  is 
to  remove  the  darkened  dry  exterior,  thus  obtaining  a  lighter- 
-ed  and  softer  ointment;  the  oil  must  be  added  when  the  plaster 
arly  melt«d  on  a  water-bath,  and  a  better  mixture  will  result 
le  heat  be  continued  for  five  or  ten  minutes  afterward,  so  as  to 
i  the  oil  and  plaster  more  thoroughly.  The  melted  mixture 
:  be  stirred  until  creamy,  when  the  oil  of  lavender  may  be 
d,  the  whole  transferred  to  a  jar  and  allowed  to  cool.  Diachy- 
)iDtment  is  preferably  prepared  fresh  when  wanted,  as  it  does 
ceep  well. 
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In  preparing  tar  ointment,  the  tar  should  be  free  from  gn 
matt«r  and  nut  incorporated  with  the  mixture  of  lard  and  wax  un 
latter  has  been  cooled  to  the  condition  of  a  smooth,  soft  ointiDci 
the  tar  be  added  to  the  hot  liquid  fats,  a  granular  ointment  will 

Ointments  prepared  hy  incorporation  of  medicinal  Dgcntp 
an  appropriate  veliicle  comprise  by  far  the  larger  number  of  i 
ointments,  and  practically  all  those  prescribed  extemporane 
The  vehicles  directed  by  the  Pliarmacopceia  for  the  preps 
of  this  class  of  ointments  are  lard,  benzoinated  lard,  hydniu; 
fat,  petrolatum,  and  simple  ointment;  when  abwrption  of  tbi 
ment  is  desired,  wool  fat  or  its  hydrous  modification  is  decitlt 
be  preferred.  All  substances  to  be  mechanically  incorporated 
ointment  must  be  in  the  form  either  of  solution  or  an  impa 
powder ;  the  latter  conditiou,  in  the  case  of  vegetable  suli^i 
can  be  attained  only  by  passing  the  powder  through  a  fine  b 
cloth  sieve  (about  Xo,  120  or  150).  The  incorporation  ni 
effected  either  in  a  mortar  or  on  a  heavy  glass  slab  by  mear 
broad  spatula,  the  finely  powdered  substance  being  first  mixe 
a  small  quantity  of  the  vehicle,  and,  when  a  smooth  mixtu 
been  obtained,  the  remainder  added ;  while  an  ointment  slab  i 
rule,  preferred  in  this  country,  the  morlar  is  used  almost  excli 
in  Europe,  and  for  some  ointments  is  in  fact  indispensable,  p 
krly  when  solutions  are  to  be  added. 

When  the  quantity  of  powder  to  be  added  is  large,  it  will 
advantageous  to  melt  some  of  the  vehicle  and  mix  this  wi 
powder,  in  a  warm  mortar  before  adding  the  remainder, 
substances  can  be  conveniently  brought  into  a  smrmth  condit 
triturating  with  a  little  olive  or  expressed  almond  oil,  such  a 
mel,  lead  carbonate,  bismuth  subnitrate,  zinc  oxide,  etc.,  as  ^ 
certain  crystal  I  izable  bodies,  like  mercuric  chloride  and 
nitrate;  for  the  latter  a  little  oil  is  decidedly  better  than 
since  upon  the  gradual  evaporation  of  the  latter  a  return 
crystalline  state  is  probable,  giving  rise  to  the  presence  of  i 
gritty  particles  which  would  cause  irritation.  Opium  sbo 
rubbed  smooth  with  about  an  equal  weight  of  water,  and  t 
once  incorporated  with  the  fatty  vehicle  before  the  paste  be; 
dry.  Some  salts  may  be  dissolved  in  water  provided  th 
very  soluble,  as  potassium  iodide,  while  others  must  be  redi 
an  impalpable  condition  by  triturati(m,  as  lead  acetate,  tartar 
zinc  sulphate,  etc.  Red  mercuric  oxide,  iodoform,  napht 
and  boric  acid  may  be  triturated  with  a  few  drops  of  s 
in  a  mortar,  until  rendered  im{>alpable;  camphor  should  b 
dered,  by  the  aid  of  alcohol,  just  before  it  is  to  be  used,  and 
to  the  ointment  after  all  other  ingredients  have  been  incoqi 
since  it  is  soluble  in  the  fat  and  materially  soAens  its  consi 
which,  in  the  case  of  solid  extracts,  would  interfere  consi< 
with  their  perfect  admixture. 

Whenever  extracts  such  as  belladonna,  opium,  stramoniu 
the  like,  are  to  be  exhibited  in  ointments,  the  pilular  extracts 
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«ferred,  for  after  having  been  softened  vr'ith  a  small  quantity 
iter  or  diluted  alcohol  tliey  are  readily  incorporated  with  the 
vehicle,  producing  a  perfectly  smooth  mixture  free  from  gritty 
lies.  For  the  extracts  of  belladonna  leaves  and  of  opium 
is  to  be  preferred ;  but  for  extract  of  stramonium  leaves 
id  alcohol  should  be  used;  and  in  every  case  an  excess  of  sol- 
must  be  avoided,  for  if  the  extract  be  converted  into  a  fluid, 
inot  be  well  mixed  with  the  fat ;  the  consistence  of  a  paste 
hling  honey  or  thick  syrup  is  best.  Another  important  point 
3  admixture  of  solid  extracts  with  ointments  is  tn  mix  the 
r  with  a  small  portion  of  the  vehicle  immediately  after  they 
been  softened,  and  not  to  allow  them  to  remain  on  the  oint- 
slab,  BO  as  to  avoid  the  drj'ing  out  of  the  paste  around  the 
,  which  would  cause  separate  particles  to  appear  in  the  finished 
ct 

dine,  before  admixture  with  fats,  is  preferably  dissolved  in  a 
quantity  of  water,  with  the  aid  of  a  little  potassium  iodide, 
cannot  readily  be  rubbed  into  a  very  fine  powder  by  itself; 
ddition  of  alcohol  is  sometimes  employed  to  facilitate  divis- 
'  the  iodine,  but  this  plan  never  yields  so  satisfactory  an  oint- 

hen  iodine  is  ordered  in  combination  with  mercurial  ointment, 
Idition  of  potassium  iodide  is  unnecessary,  as  chemical  union 
ake  place  between  the  iodine  and  meroury ;  the  pr(n)er  plan 

be  to  rub  the  iodine  to  a  fine  powder  and  then  add  a  por- 
f  the  mercurial  ointment,  triturating  well  until  the  iodine  has 
leared  and  the  change  of  color  indicates  that  union  has  taken 
after  which  the  remainder  of  the  ointment  may  be  incorpo- 
If  an  extract,  such  as  belladonna  or  stramonium,  is  also  to 
led,  this  should  be  separately  mixed  with  some  of  the  fat  and 
tdded  to  the  previous  mixture,  whereby  a  much  better  oint- 
A'ill  be  obtained. 

>8tance8  which  are  wholly  or  partly  soluble  in  fats,  such  as 
ol,  salol,  chrysa robin,  benzoic  and  carbolic  acids,  aristol, 
lol,  and  the  like,  should  be  triturated  in  fine  powder  form  with 
on  of  the  vehicle  liquefied  by  heat,  and,  afler  addition  of  tlie 
ider,  the  mixture  must  be  continually  stirred  until  cold.  If 
ed  chloral,  thymol,  naphthol,  or  salol  be  ordered,  together 
imphor,  in  an  ointment,  the  two  substances  must  be  triturated 
;r  until  an  oily  fluid  results,  which  can  then  be  readily  incoi^ 
1  with  the  vehicle. 

laloidal  salts  may  be  incorporated  in  ointments  in  solution  in 
)r,  if  present  in  large  quantity,  may  be  added  in  the  form  of 

fine  powder;  but  whenever  pure  alkaloids  are  ordered  by 
aas  these  should'  be  triturated  with  a  small  quantity  of 
oleic  acid  before  they  are  mixed  with  the  fatty  vehicle,  as 
itimate  distribution  is  thus  effected  than  if  the  alkaloids  be 

mbbed  into  a  smooth  paste  with  olive  or  almond  oil. 
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Glycerin  should  never  be  used  in  place  of  oil  or  water  to  produce 
a  smooth  paste  with  vegetable  or  mineral  powders^  because,  although 
derived  from  fats,  it  can  be  incorporated  with  them  permanently  only 
with  difficulty.  When  glycerin  in  considerable  quantity  is  ordered 
to  be  added  to  an  ointment  consisting  chiefly  of  lard  or  a  mixture  of 
lard  or  oil  with  wax,  the  addition  of  a  small  proportion  of  anhj- 
drous  wool  fat,  in  place  of  a  like  quantity  of  the  regular  vehicle^ 
will  overcome  all  aifficulty  of  incorporation.  A  similar  expedient 
will  prove  most  valuable  when  large  quantities  of  aqueous  fluids  are 
to  be  incorporated  in  ointments,  or  in  the  case  of  alcoholic  liquids, 
which  ordinarily  mix  with  fats  with  great  difficulty.  The  phar- 
macist, in  preparing  ointments  containing  fluids,  must  so  combiae 
the  constituents  that  a  permanent  homogeneous  mixture  results,  from 
which  the  fluids  will  not  separate  on  standing. 

It  will  be  found  very  convenient  to  keep  on  hand  anhydrous 
wool  fat  for  the  purposes  above  stated ;  it  is  readily  prepared  by 
heating  some  of  the  commercial  lanolin  (containing  about  30  per 
cent,  of  water)  on  a  wateivbath  until  it  ceases  to  lose  weight 

When  two  or  more  ointment-s  having  different  fusing-points  are 
to  be  mixed,  the  firmer  should  always  be  rubbed  down  by  itself  first, 
and  the  softer  fats  then  be  incorporated  in  small  quantities  at  a  time, 
otherwise  an  imperfect  mixture  results.  A  mixture  of  mercurial 
ointment  with  lard  or  simple  ointment  offers  an  example ;  in  cold 
weather  this  mode  of  procedure  is  all  the  more  imperative ;  it  should 
also  be  followed  when  anhydrous  wool  fat  is  to  be  mixed  ^vith  softer 
fats,  as  the  former  is  usually  somewhat  tough. 

Whenever  substances  likely  to  attack  metal  are  ordered  in  oint- 
ments, the  incorporation  with  the  fatty  vehicle  should  never  be 
made  with  steel  spatulas,  but  always  with  horn  or  rubber-coated 
ones ;  the  latter  can  now  be  had  quite  pliable,  and  are  admirably 
adapted  for  ointments  containing  salicylic  acid,  tannic  acid,  iodine, 
mercuric  chloride,  etc. 

The  Pharmacopoeia  directs  the  following  18  ointments  to  be  pre- 
pared by  incorporation  of  the  medicinal  agent  with  the  fatty  vehicle. 

lAtln  Name.  English  Name.  Compofiition. 

Un&nientum —  ^^  ^ 

f  Boric  Acid 100  Gm. 

Acidi  Borici    .    .    .   Boric  Acid  Ointment  .  \  Paraffin HH.»    - 

I  White  Peti-olatum  .   .   .  .   8O0   - 

{Tannic  acid 30  om 
Glycerin £^   ^ 
Ointment ^  ^ 

Extract  of  Belladonna  Leaves,  10<^n 


Belladonnse  ....   Belladonna  Ointment 


Diluted  Alcohol ^^ 

Hydrous  Wool  Fat .   .  .  •      ^<^^- 
Benzoinated  Lard    .    .  •  .      65   " 


Chrysarobini    .    .    .  Chrysarobin  Ointment  {  ^^^J]^^  Larf    ;  ".  *.  *.      ^    -" 

^  ,,  xr.     iir^*      «*  /  Xutgall,  in  No.  80  powder,       '>Oiin^ 

^^allae Niitgall  Ointment  .    .  |  QintmeAt  .......      »>   " 
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■lin  Num.  Eoslbh  Name.  Compoiltlon. 

iguenWm—  f  Mercury 600  Gm, 

«.Wri-   ■   .       MaroirialOintoent   .    te^Suel."    '.    '.        ."   .  IS    " 
l  Oleat«  of  Mercury  ....     20   " 

^U.   .   .   .    \     aWdMcicuiT  .   .   .    )  White  PetrolM,un   ....  50    " 

irgyri   Dilu-  1  „.  „  ,-ii„._=„.                /  Mercurial  Ointment    ...  670  Gm. 

»       .       .   .    I  Blue  Ointment    .       .    j  p^„i„tum 330    " 

(Yellow  Mercuric  Oxide  .    .  10  Gm. 

Water 10    " 

HjdrouB  Wool  Fat ...    .  40    " 

Petrolatum 40    " 

(Red  Mercuric  Oiide  ...  10  Gm. 

Water 10    " 

Hydrous  Wool  Fat  ...    .  40    " 

Petrolatum 40   " 

f  Iodine 4  Gm. 

i«ii™ou.»„,  ..^j^sr'"'"". ::::  12 : 

I  Benioinated  Lard    ....  80   " 

{lodofoim  in  very  fine  pow- 
der   10  Gm. 
lard 90    " 

(Ointment    of    Pbenol  1  ij|.„„i  a  f 

L«1r'"  "".'""■  jwhTu  hi^iia,.' ; . ; ;  sf  •• 

IPotaasinm  Iodide     ....  10  Gm. 
Potassium  Carbonate   .    .    .       0.6" 

Water 10    " 

Benioinftted  latd    ....  80    " 

(Extract  of  Slnimoaium  .    .  10  Gm. 

Diluted  Alcohol 6    " 

Hydroui  Wool  Fat  .    ...  20    " 

Benzoinated  lard    ....  65    " 

iri.  H..i..t.,„.  n:n>»...r.i  /  Washed  Sulphur 15  Gm, 

«a.   .    .    .       Sulphur  Omtment  .        {  Bentoinated  Laid        ...  85    " 

{Veratrine 4  Gm. 
Expressed  Oil  of  Almond  .        6    " 

Benzoinated  Lard    ....  90    " 

-ij;  / CHntment  of  Oxide  of  /Zinc Oxide 20Ora. 

'    '    *    \     Zinc \  Benzoinated  Lard     ....  80    " 

e  official  directions  accOBopanyiDg  eacli  formula  and  the  general 
ODs  given  above  are  sumciently  explicit  to  insure  satisfactory 
?nts,  therefore  further  comment  is  unnecessary  except  in  two 
?e  cases. 

e  extinguishment  of  mercury  hy  taeans  of  oleate  of  mercury, 
preparation  of  mercurial  ointment,  is  readily  effected  by  tritu- 

in  a  mortar  on  a  nmall  scale,  but  large  manufacturers  prob- 
bllow    the  plan  of   prolonged   agitation    in   suitable  vessels. 

the  globules  of  mercury  have  become  invisible,  the  mixture 
I  and  suet,  melted  and  partly  cooled,  is  easily  incorporated. 
harmacoptPia  demands  that  mercurial  ointment,  when  assayed 
solving   all  the  fatty  matter  by  means  of  warm  petroleum 

and  weighing  the  washed  and  dried  residue,  shall  yield  not 
in  49  per  cent,  of  metallic  mercury.  In  very  warm  weather 
■iai  ointment  may  become  almost  liquid,  and  is  then  liable  to 
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lose  mercury  by  separatioD,  hence  the  necessity  for  keeping  it  in  a  cool 
place.  When  mercurial  ointment  is  prescribed  in  divided  doses  by  phy- 
sicianS;  each  portion  should  be  jseparately  weighed  on  paraffin  or  pareb- 
ment  paper,  and  then  folded  as  directed  in  the  chapter  on  Powden:. 

The  present  official  Blue  Ointment  (Unguentum  Hydrargyri 
Dilutum,  U.  S.  P.)  corresponds  in  mercurial  strength  to  the  prepara- 
tion formerly  known  as  Mild  Mercurial  Ointment  (Unguentum 
Hydrargyri  Mite),  containing  J  of  its  weight  of  metallic  mercury. 
It  should  not  be  used  in  prescriptions  unless  specially  designated. 

In  the  case  of  the  ointments  of  red  and  yellow  mercuric  oxide, 
trituration  of  the  oxide  with  distilled  water  is  directed  for  the  pur- 

Eose  of  insuring  reduction  to  an  impalpably  fin*e  condition,  and  the 
ydrous  wool  fat  facilitates  the  incorporation  of  the  petrolatum  in 
the  presence  of  the  water.  Only  elass,  porcelain,  or  horn  utensils 
should  be  used,  and  the  ointment  snould  oe  protected  against  direct 
sunlight  and  high  temperatures. 

The  addition  of  potassium  carbonate  to  ointment  of  potassium 
iodide  is  for  the  purpose  of  preserving  its  white  appearance ;  with- 
out this  addition  (or  that  of  sodium  thiosulphate,  as  ordered  by  the 
German  Pharmadbpoeia)  the  ointment  will  gradually  turn  yellow  and 
finally  brownish,  owing  to  slow  liberation  of  iodine.  This  discolora- 
tion is  due  to  decomposition  of  the  potassium  iodide,  said  to  be  due 
to  formation  of  hydrogen  dioxide  by  the  action  of  light  on  the  water 
present ;  formerly  the  decomposition  was  thought  to  be  due  to  the 
action  of  fatty  acids. 

Of  the  ointments  made  by  chemical  action,  the  official  ointment 
of  mercuric  nitrate  is  a  striking  example.  It  is  made  by  heating 
760  Gm.  of  lard  to  a  temperature  of  105^  C.  (221^  F.),  then  with- 
drawing the  heat  and  gradually  adding  70  Gm.  of  nitric  acid.  When 
the  .reaction  moderates,  heat  is  again  applied  until  effer\'escence 
ceases.  Having  dissolved  70  Gm.  of  mercury  in  105  Gm.  of  nitric- 
acid,  the  clear  solution  is  added  to  the  lard  mixture,  which  has  been 
allowed  to  cool  to  40°  C.  (104''  F.),  and  the  whole  thoroughly  mixed 
until  cold  by  means  of  a  porcelain  or  wooden  spatula.  nTien  1*tA 
is  heated  and  mixed  with  nitric  acid,  the  former  undergoes  oxidatifD 
at  the  expense  of  the  acid,  olein  being  converted  into  a  new  com- 
pound, solid  at  ordinary  temperatures,  known  as  elaidin,  the  term 
olein  being  usually  applied  to  the  fluid  constituent  of  fats  and  fixeJ 
oils.  The  incorporation  of  the  solution  of  mercuric  nitrate  svX^ 
sequently  with  the  elaidin  is  simply  a  mechanical  admixture,  t\i*r 
solution  having  no  chemical  effiect  whatever  on  the  fat.  It  is  essen- 
tial that  the  nitric  acid  be  of  official  strength,  and  that  heat  !•<• 
reapplied,  if  necessary,  to  complete  the  oxidation  of  the  fat ; 
care  should  be  taken  that  the  temperature  above  indicated  be  n«^r 
exceeded,  as  over  a  direct  fire  decomposition  of  the  fiit  is  likelv  tv 
ensue  and  a  dark-brown  compound  result  if  too  high  a  heat  J*- 
applied.  The  temperature  of  a  boiling-water  bath  is  usually  quite 
sufficient  to  bring  about  the  desired  reaction,  although  thismetli*«J 
requires  a  little  more  time.     The  oxidation  of  the  lard  goes   oa 
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Jy,  and  is  known  to  be  ended  when  effervescence  ceases  and  a 
solid  mass  is  obtained  upon  cooling.  The  solution  of  mercury 
trie  acid  can  be  made  in  the  cold,  and  may  be  warmed  finally 
:pel  any  colored  gas  that  has  been  retained.  If  the  fat  has  been 
erly  oxidized  and  cooled,  as  directed  in  the  Pharmacopoeia,  a 
it  lemon-yeltow  ointment  will  result;  but  if  the  oxidation  of 
ard  has  not  been  completed  before  addition  of  the  solution  of 
luic  nitrate,  owing  either  to  the  use  of  weak  nitric  acid  or  insuf- 
it  heat,  decomposition  of  the  metallic  salt  will  result  in  order  to 
Fy  the  avidity  of  the  fat,  and  tbe  ointment  will  assume  a  dark 
.  Ointment  of  mercuric  nitrate  is  also  known  as  citrine  oint- 
and  its  official  Latin  title  is  tmffuenfum  kydrargyri  nitratvi.  It 
Id  never  be  brought  into  contact  with  metal. 
jiother  instance  of  chemical  reaction  in  the  preparation  of  oint- 
s  is  in  the  original  formula  for  Hebra's  ointment :  lead  oxide  is 
id  with  olive  oil  in  the  presence  of  water  until  all  the  oxide  baa 
lically  combined  with  the  fatty  acids  derived  from  decomposition 
e  oil,  the  newly  formed  lead  oleate  remaining  intimately  mixed 
the  excess  of  oil  and  the  glycerin  liberatejl  from  the  fat.  The 
nposition  taking  place  will  lie  more  fully  explained  under  the 
of  Saponification,  in  Part  III.  The  original  Hebra's  ointment 
's  from  the  official  diachylon  ointment  in  containing  some  free 

intments  should  always  be  dispensed  in  glass  or  porcelain  jars 
ided  with  suitable  covers  ;  if  the  latter  be  of  metal  or  wood,  a 
of  heavy  paraffin  paper  sbould  be  inserted,  to  avoid  contact  with 
itty  substance.  Under  no  circumstances,  except  when  ivtended 
mmediate  use,  should  ointments  be  put  up  in  wood  boxes,  as  the 
ill  readily  penetrate  the  material,  and  thus  become  exposed  to 
tion  by  the  air.  When  ointment  jars  are  returned  to  be  refilled, 
fihould  be  carefully  wiped  out  with  soft  paper  and  washed 
ughly  before  the  new  ointment  is  put  in  ;  a  fresn  disk  of  paraffin 

should  also  be  inserted,  and  a  new  label  be  put  on  the  jar  if  the 
ie  has  become  soiled. 

>  cleanse  the  apparatus  in  or  on  which  ointments  have  been  pre- 
,  the  best  plan  is  first  to  wipe  off  all  remaining  grease  with  clean 
ist  or  soft  paper,  and  then  to  wash  it  well  with  warm  water  and 

soap.  In  the  case  of  iodoform  ointment  a  few  drops  of  oil  of 
itine  will  remove  the  characteristic  odor  readily,  as  stated  on 
348. 

CESATES. 

lis  class  of  preparations  differs  from  ointments  in  containing 
iderable  proportion  of  wax,  and  frequently  also  rosin  or  oleo- 
us  substances.  Cerates  are  intended  to  be  applied  as  dressingSj 
y  spread  on  linen  or  soft  leather ;  while  they  become  some- 
iofter  at  the  temperature  of  the  body,  they  do  not  liquefy,  and 
tended  to  act  only  locally  as  protective,  cooling,  astringent, 
ating,  or  blistering  agents.     What  has  been  said  before  r^^rd- 
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ing  the  preparation  of  ointments  by  fusion,  and  also  their  preserva- 
tion, applies  likewise  to  cerates ;  owing  to  their  firm  consistence  the 
latter  are  not  well  adapted  to  admixture  with  powdered  substances^ 
although  fluids  are  sometimes  incorporated  with  them. 

The  Pharmacopoeia  recognizes  6  cerates,  which,  with  the  excep- 
tion of  the  cerate  of  lead  subacetate,  are  usually  carried  in  stock  by 
the  pharmacist.  Three  of  the  official  cerates  contain  rosin,  and,  in 
these,  yellow  wax  also  is  used ;  hence  they  will  not  become  rancid. 
Of  the  remaining  three,  two  are  made  with  white  wax,  petrolatum,, 
and  benzoinated  lard,  and  one  with  paraffin,  petrolatum,  and  wool  &t» 

The  following  is  a  list  of  the  official  cerates,  showing  their  com- 
position : 

Lfttin  Name.  Engliah  Name.  Composition. 

f  White  Wax 300  Gm. 

Ceiatum Cerate \  White  Petrolatam     ...  200   *' 

(  Benzoinated  Lard  ....  600    " 
'  Camphor  Liniment    .   .   .  100  Gm. 

White  Wax 360    " 

White  Petrolatum     ...  160    " 
Benzoinated  Lard  ....  400    ^ 
Powdered  Cantharidea  .   .  320  Gm> 
Liouid  Petrolatum    .   .   .  160    " 

Ceiatum  Cantharidis  .  Cantharidea  Cerate    .  -t  Yellow  Wax 180    '' 

Rosin ISO    " 


Ceratam  Oamphone  .  Camphor  Cerate 


Ceratum  Plumbi 


I .        f  Cerate  of  Lead  Sub-      -ht.vai  t?. 
I      Cerate) wi>Wo  i 


Lard 170    « 

Solution  of  Lead  Subace- 
tate   20  Gm. 

Wo6lFat 20    " 


Ceratum  Besinae         f  Compound  Rosin 
Compositum    .   .  \      Cerate  .   .   .   . 


Subacetatis  ...  1      TCrr^s    v^'"""""-  ]  Paraffin 20    " 

White  Petrolatum     ...    38    " 
L  Camphor 2    " 

Ceiatum  Resins  .  .  {  ^,^„  S?!?!f  J?^"*  f  YdlSw'  Wax  !   !   '.   1   !   1  160^^' 

(      icon  Umtmentj  .    .    I  j^^ ^^    u 

'  Rosin  ....   .   .   ...  226  Gm. 

Yellow  Wax 225    " 

Prepared  Suet 300    '' 

Turpentine ........  115    " 

,  Linseed  OU 135    " 

Camphor  cerate  and  Groulard's  cerate  both  contain  2  per  cent,  of 
camphor,  which  would  seem  hardly  sufficient  to  impart  marked 
medicinal  properties  to  the  preparations. 

In  the  formula  for  cerate  of  cantharides  the  object  of  macerating 
the  powdered  cantharides  for  48  hours  in  a  warm  place  with  about 
half  their  weight  of  liquid  petrolatum  is  to  facilitate  the  subse- 
quent solution  of  cantharidin  in  the  fate,  since  petrolatum  is  known 
to  exert  a  solvent  effect  upon  the  blistering  principle.  The  official 
process  always  insures  an  efficient  blistering  cerate,  provided  the 
cantharides  are  of  good  quality.  In  order  to  prevent  the  separation 
of  the  powder  from  the  melted  fats,  it  is  important  that  the  mixture^ 
after  removal  from  the  water-bath,  be  constantly  stirred  until  it 
begins  to  congeal.  In  Great  Britain,  Germany,  and  France  this 
cerate  is  known  as  eniplastnim  cantharidis  or  emplasfrum  vesicana ; 
in  some  localities  it  is  also  designated  as  empldstrum  lyttce. 
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The  official  rosin  cerate  congeals  as  a  perfectly  homogeneous 
mijcture  upon  cooling  without  stirring,  on  account  of  the  large  pro- 
portion of  rosin  and  wax  present;  stirring  of  the  melted  and 
strained  mixture  is,  in  fact,  not  desirable  in  this  case,  as  it  incorpo- 
rates considerable  air.  Rosin  cerate  gradually  grows  tougher  by 
age.  In  cold  weather  the  proportions  of  lard  and  yellow  wax  may 
be  changed  with  advantage  to  lard  530  Gm.  and  yellow  wax  120 
Gm.  in  the  official  formula. 

Compound  rosin  cerate  is  often  called  for  under  the  name  Desh* 
ler's  salve.  If  kept  on  hand  for  some  time  it  becomes  tough,  which 
condition  may  be  avoided  by  using  olive  oil  or  liquid  petrolatum  in 
place  of  the  linseed  oil. 

Of  late  years  both  ointments  and  cerates  have  been  largely 
superseded,  especially  in  Europe,  by  dermatologic  pastes  and  glycerol 
gdaiins.  The  former  are  mixtures  of  the  medicinal  agents  with 
starch,  dextrin,  or  kaolin,  and  glycerin,  soft  soap,  petrolatum,  or 
lard,  and  are  intended  chiefly  for  antiseptic,  astnngent,  or  jzermi- 
cidal  effects.  As  a  general  vehicle  for  the  preparation  oi  these 
pastes,  a  mixture  of  dextrin,  glycerin,  and  distilled  water,  equal 
parts  by  weight,  may  be  broneht  into  solution  with  the  aid  of  heat, 
and  sufiicient  water  finally  added  to  restore  any  loss  by  evaporation. 
Ichthyol,  naphthol,  resorcin,  salicylic  acid,  sulphur,  and  zinc  oxide 
are  the  more  important  remedial  agents  i:^ed  in  the  form  of  pastes, 
the  proportions  being  varied  to  suit  particular  cases.  The  glycero- 
gelatins  are  firmer  than  the  pastes,  and  must  be  melted  before  they 
can  be  applie<l  to  the  affected  parts,  which  latter  is  done  by  means 
of  a  soft  brush.  The  vehicle  consists  of  a  mixture  of  gelatin,  glyc- 
erin, and  water,  made  in  proportions  ranging  from  5,  20,  and  66 
parts  to  15,  45,  and  25  pari^  of  the  respective  constituents.  As 
medicating  a^nts,  chrysarobin,  ichthyol,  iodoform,  resorcin,  sali- 
cylic acid,  and  zinc  oxide  are  added  singly  or  in  combination. 

Another  form  of  modern  dermic  medication  is  by  means  of  pen- 
cils,  of  which  the  following  formula  serves  as  an  example :  salicylic 
acid  10  parts,  powdered  tragacanth  5  parts,  starch  30  parts,  dextrin 
35  parts,  sugar  20  parts,  distilled  water  sufficient  to  make  a  paste, 
which  is  rolled  out  into  rods  about  5  millimeters  (^  inch)  in  diame- 
ter and  5  centimeters  (2  inches)  in  length.  The  pencils  are  dried  at 
ordinary  temperature  on  parchment  paper  and  wrapped  in  tinfoil. 

The  official  kaolin  poultice,  Cataplasma  Kaolini,  is  often  used  in 
place  of  ointments  as  a  cooling  antiseptic  dressing.  It  is  made  by 
mixing  finely  powdered  boric  acid  45  Gm.  with  finely  powdered 
kaolin  (previously  heated  for  an  hour  with  frequent  stirring  on  a 
boiling-water  bath)  577  Gm.,  then  incorporating  the  mixed  powders 
with  glycerin  375  Gm.,  and  finally  adding  thymol  0.5  Gm.,  oil  of 
peppermint  0.5  Gm.,  and  methyl  salicylate  2  Gm.  This  cataplasm 
18  a  stone-colored  homogeneous  mass,  which  should  be  preserved  in 
air-tight  containers  on  account  of  its  tendency  to  absorb  moisture 
from  the  air. 


CHAPTER  XXXIV. 

LINIMENTS  AND  OLEATES. 

These  preparations  are  closely  allied  to  those  described  in  the 
preceding  chapter^  being  also  intended  only  for  external  use. 

LINIMENTS. 

Liniments  are  fluid  or  semifluid    preparations,  usually  in  the 
form  of  solutions,  although  in  some  instances  merely  mechanical 
mixtures,  the  solvent  or  vehicle  being  either  a  fixed  or  volatile  oil 
or  alcohol,  which  latter  is  sometimes  mixed  with  water.    They  are 
always  applied  to  the  skin  with  friction,  and,  when  mechanical  mixt- 
ures only,  require  to  be  well  agitated  before  they  are  applied.    For 
endermatic  medication  liniments  are  in  many  cases  to  be  preferred 
to  ointments,  because,  being  applied  with  friction,  the  medicinal 
agents  are  more  likely  to  be  readily  absorbed  by  the  unbroken 
skin.     For  this  purpose  it  is  essential  that  the  vehicle  be  of  a  vola- 
tile or  fatty  character,  since  non-volatile  substances  in  aqueous  solu- 
tion are  either  not  absorbed  at  all  or  only  to  a  slight  extent,  while 
the  same  substances  dissolved  in  alcohol,  chloroform,  or  ether  are 
quickly  taken  up,  as  shown  by  their  prompt  appearance  in  the 
secretions.     The  Pharmacopoeia  recognizes  8  liniments,  of  which  4 
are  of  a  fatty  nature,  while  4  are  alcoholic  or  hvdro-alooholic  «Au- 
tions ;  with  2  exceptions,  they  are  usually  prepared  extemiwraneoosly, 
although  they  keep  well. 

When  fixed  oils  are  shaken  with  aqueous  solutions  of  alkalies, 
partial  decomposition  of  the  fat  takes  place,  and  an  emulsion-like 
mixture  results,  in  which  the  remaining  oil  is  kept  in  perfect  sus- 
pension by  the  newly  formed  soap;  such  liniments  thicken  consia- 
erably  by  age,  which  it  is  intended  to  provide  against  in  the  ofBcwl 
formula  for  ammonia  liniment  by  the  addition  of  alcohol.  If  the 
fixed  oils  used  are  fresh  and  perfectly  sweet,  they  are  but  little  acl«o 
on  by  alkalies  in  the  cold,  hence  the  preparation  of  a  perfect  lini- 
ment becomes  difficult. 

The  following  is  a  list  of  the  official  liniments : 

T^tin  Name.  English  Name.  Composition. 

{.           •    T  •  •        i.       r  Ammonia  Water  ....  350  Cc 

Ammonia  Liniment   .        •  i^^u^i  ik)   •* 

(Volatile  Liniment)     \  <^~JL"Lho:| 670   " 

/Uo^oi,^^  T  ;.«;tv.»»f  \      Cottonseed  Uii     .   .  •  •  *f*^ 

(Hartshorn Liniment.)      ^,  .     *   . ,           ....  30   " 
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ae.  EngUah  Nuue.  Compoalllon. 

f  Camphor SO  Gm. 
lo  make 1000  Cc 

r.i™:.  /  I-^™*   Liniment  .   .    .   f  iJme  Water  )    ,        .  y„  P 


Om-  I  ,^      L      1  ■  ■„     .        I  Camphor 200  Gm. 

'^"»    }  Camphor  Lmiraent    .  |  Cotlonseed  Oil 800    " 

Cblo- \  ™,„„f„^  T-   ■    „,    (  Chloroform aOOCc. 

\  Chloroform  Liniment   j  ^^^  Liniment     ....    700    " 
Powdered  Soap    ....     60  Gm. 

Camphor 46    " 

Oil  of  Rosemary  ....      10  Cc. 

Alcohol 725    " 

Water  sufficient  to  make  1000    " 

Soft  Soap 650  Gm. 

Oil  of  I.avender  ....      20  Cc. 
Alcohol  sufficient  lo  make  1000    " 


-iTMrpentineLiniment     {^|5^"^„.-: 


SPECIAL  REMARKS. 

he  use  of  cottonseed  oil  alone  for  the  preparation  of  ammonia 
lent  has  not  been  satisfactory,  separation  into  two  distinct  layers 
'iably  occurring  in  the  mixture,  and  while  the  addition  of  about 
;r  cent,  of  common  olive  oil  for  a  like  quantity  of  the  cotton- 
oil  was  found  to  improve  the  condition  on  account  of  the  free 
acids  generally  present  in  the  lower  grades  of  olive  oil,  the 
nt  official  formula  directing  the  addition  of  a  small  quantity  of 
acid  is  preferable.  The  acid  unites  with  the  ammonia,  forming 
p,  ammonium  oleate,  wbicb  materially  aids  in  emulsionizing  the 
nseed  oil.  The  presence  of  5  per  cent,  of  alcohol  b  intended 
vvent  undue  thickening  of  the  liniment  if  kept  on  hand  for 
time. 

1  the  preparation  of  camphor  liniment,  the  solution  of  the  cam- 
can  be  materially  hastened  by  placing  it,  with  the  oil,  in  a 
g  bottle  and,  after  corking  the  same  securely,  digesting  the 
ire  on  a  water-bath  at  a  moderate  heat. 

he  official  belladonna  liniment  is  decidedly  the  most  efficient 
iration  of  that  drug  for  external  use,  but  owing  to  its  potent 
cter  and  ready  absorbability  serious  results  may  occur  from  its 
il  use.  Both  the  alcohol  and  camphor  aid  absorption,  and  it 
d  Dever  be  dispensed  except  on  a  physician's  prescription, 
'le  chloroform  liniment  of  the  United  States  Pliarmacopoeia  dif- 
aaterially  from  that  of  the  British  Pharmacop<eia  ;  the  latter  is 
cture  of  equal  volumes  of  chloroform  and  camphor  liniment. 
ry  popular  preparation,  known  as  Compound  Chloroform  Lini- 
,  is  composed  of  1  volume  each  of  chloroform  and  tincture  of 
le  and  6  volumes  of  soap  liniment. 
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Dried  soap,  as  directed  in  the  Pharmacopoeia,  is  to  be  much  pre- 
ferred in  making  soap  liniment,  on  account  of  the  variable  quantity 
of  moisture  present  in  the  official  soap.  The  present  official  direc- 
tions yield  a  very  satisfactory  product  with  little  expenditure  of  time. 
The  soap  is  readily  dissolved  in  the  boiling  water,  and  if  the  alcohol 
be  added  to  the  gelatinous  mass,  while  the  latter  is  still  warm,  a 
clear  solution  is  obtained  very  soon.  The  official  directions  to  set 
the  liniment  aside  in  a  cool  place  for  twenty-four  hours,  and  then  to 
filter,  are  for  the  purpose  of  getting  rid  of  the  sodium  paimitate 
always  present  in  Castile  soap,  which  is  but  sparingly  soluble  in  the 
menstruum,  particularly  in  the  cold. 

The  official  turpentine  liniment  is  also  known  as  "Kentish"  lini- 
ment ;  only  a  moderate  heat  should  be  employed  to  melt  the  rosin 
cerate,  so  as  to  avoid  volatilization  of  the  oil  of  turpentine,  which 
must  also  be  added  in  small  quantities,  with  constant  stirring,  until 
a  smooth,  imiform,  opaque  mixture  results. 

Closely  allied  to  the  liniments  are  the  infused  oils,  made  by 
digesting  20  Gm.  of  an  alkaloidal  druff,  previously  macerated  with 
ammoniated  alcohol,  with  a  mixture  oi  50  Cc.  each  of  cottonseed  oil 
and  lard  oil  until  the  alcohol  has  been  vaporized.  The  active  prin- 
ciples of  the  dnig  are  intended  to  be  taken  up  by  the  oils,  together 
with  green  coloring-matter. 

The  so-called  drying  liniments  or  medicated  varnishes  consist  of 
mucilage  of  tragacanth,  starch  or  dextrin,  with  egg-albumen,  suit- 
ably medicated,  which  when  applied  to  the  skin  leave  a  thin  varnish 
or  protective  film,  similar  to  that  obtained  with  collodion. 

OLEATES. 

This  class  of  preparations  has  been  in  use  by  physicians  in  this 
country  since  1872.  Normal  oleates  are  true  chemical  compounds 
of  oleic  acid  with  metallic  oxides  or  alkaloids,  but  the  oleates^ 
medicinally  employed  are  simply  mixtures  of  such  normal  oleates 
with  oleic  acid  or  some  other  diluent.  The  proportion  of  any  par- 
ticular metallic  oxide  or  alkaloid  to  be  dissolved  in'  oleic  acid 
may  vary  with  the  views  of  the  physician ;  but  in  the  case  of 
normal  oleates  a  certain  proportion  cannot  be  exceeded.  The 
expressions  2,  5,  10,  or  20  per  cent,  oleate  are  used  to  indicate  that 
2,  5,  10,  or  20  parts  of  the  respective  alkaloid  or  metallic  oxide  are 
present  in  every  100  parts  of  the  finished  product.  The  following 
table  shows  the  amount  of  base  combined  with  oleic  acid  in  10(^ 
parts  of  the  respective  normal  oleates : 

8^  per  cent  of  anhydrouB  ferric 

12.7  "  "  copric  oxide. 

12.9  "  "  Einc         " 

22.0  "  "  bismnth    « 

28.4  "  "  merenric" 

28.9  "  «  lead 

50.3  «  "  morphine. 


Normal  Oleate  of  Iron  (ferric) 

u 

Copper 

u 

Zinc 

It 

Bismuth 

tl 

Mercury 

it 

T,«m1 

(( 

Morphine 
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}  per  cent  of  atropini 
I  "        "   cocaiae 

Quioine  S3.46        "         "   quinine 

SU^chnine        64.22        "        "  aUrdm: 
Acotiitine         68.8        " 


From  these  aormal  oleates  weaker  preparations  cao  readily  be 
h  by  admixture  with  the  desired  diluent,  according  to  the  fol- 
ing  rule  :  multiply  the  required  quantity  by  the  required  percent- 
streneth  and  divide  the  product  by  the  percentage  of  the  normal 
Lt« ;  the  quotient  will  indicate  the  quantity  of  normal  oleate  to 
ised,  and  subtracting  this  from  the  required  quantity  gives  the 
eht  of  the  diluent  necessary. 

Solutions  of  alkaloidal  oleates  are  best  prepared  by  triturating' 
prescribed  quantity  of  dry  alkaloid  in  a  small  dish  with  th& 
Bssary  weight  of  oleic  acid,  and  heating  the  mixture  on  a 
er-bath  until  perfect  solution  results ;  they  are,  as  a  rule,  of  2 

cent,  strengtn,  with  the  exception  of  morphine  and  cocaine^ 
»lly  of  5  per  cent,  strength,  and  quinine,  frequently  prescribed  of 
jer  cent,  strength.  At  one  time  it  was  thought  that  oleates  could 
luce  systemic  effects,  but  numerous  experiniente  have  shown  thia 
■  to  have  been  erroneous.  Nevertheless  they  have  been  found 
T  useful  for  local  medication,  both  on  the  skin  and  by  penetration 

the  skin.  Alkaloidal  oleates  are  always  liquid  preparations^ 
ig  solutions  of  the  respective  normal  alkaloids  in  an  excess  of 
I  acid.  The  necessary  amount  of  alkaloid  and  acid  for  any  ^vea 
rht  of  solution  can  be  quickly  calculated  by  the  rules  given  on 
!  126,  under  Percentage  Solutions. 

[lie  solution  of  metallic  oxides  in  oleic  add  is  effected  very  slowly 
I  with  the  aid  of  heat ;  hence  they  are  preferably  prepared  by 
nal  decomposition,  by  adding  an  aqueous  solution  of  the  metallic 

to  a  solution  of  an  alkali  oleate.  The  precipitated  metallic 
tea  are  then  washed  witb  water  to  free  them  from  the  newly 
led  alkali  salt,  preferably  with  hot  water,  two  or  three  washinga 
g  sufficient ;  but  for  mercuric  oleate  only  warm  water  must 
mployed,  to  avoid  decomposition.  Metallic  oleates  are  usually 
ared  of  normal  strength,  as  they  keep  better  in  this  form  and 
be  subsequently  diluted  as  wanted.  Benzoinated  lard  or  soft 
ffins  may  DC  employed  as  diluents  when  the  oleate  is  intended 
^pidennatic  use,  or  lanolin  when  an  eodermatic  effect  is  desired^ 
le  latter  substance  is  more  readily  absorbed  by  the  skin. 
L  solution  of  castile  soap  is  very  often  used  as  the  alkali  oleate- 
le  preparation  of  metallic  oleates,  especially  those  of  lead,  copper,, 
zinc ;  bnt  since  the  soap  is  a  sodium  oleopalmitate  instead  of 

sodium  oleate,  the  resulting  metallic  oleates  will  also  be  con- 
nated  with  palmitates;  in  practice,  this  slight  impurity  is  gen- 
y  disregarded,  and  can  be  reduced  to  a  minimum  by  allowing^ 
ioap  solution  to  stand  in  a  cool  place  for  twenty-four  hours  and 

filtering.     The  strength  of  the  soap  solution  generally  used 
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is  1  ounce  of  dry  soap  to  the  pint.  Purer  metallic  oleates  can  be 
obtained  by  using  a  solution  of  sodium  oleate  made  directly  from  offi- 
cial oleic  acid  by  the  following  process :  Warm,  in  a  capacious  dish, 
1217  grains  of  oleic  acid  to  about  60°  or  65°  C.  (140°  or  149^  F.) 
And  add  slowly  192  grains  of  sodium  hydroxide  (90  per  cent.)  disr 
solved  in  a  mixture  oi  2  fluidounces  of  distilled  water  and  6  fluid- 
drachms  of  alcohol,  stirring  constantly  until  the  acid  is  neutralized, 
which  is  best  ascertained  by  testing  a  small  portion  of  the  resoltiog 
soap,  dissolved  in  alcohol,  with  a  few  drops  of  phenolphtalein  solu- 
tion— not  more  than  a  faint  pink  tint  should  appear.  The  soap  is 
next  dissolved  in  3  pints  of  water  and  filtered.  A  solution  of  potas- 
sium oleate  of  about  the  same  strength  may  be  obtained  if  to  1  pint 
of  boiling  water  be  added  410  grains  of  potassium  bicarbonate  and 
afterward  1156  grains  of  oleic  acid,  the  mixture  being  boiled  until 
the  acid  has  all  been  taken  up  and  a  clear  soap  solution  results, 
which,  when  cold,  is  diluted  to  3  pints  by  addition  of  water.  To  1 
pint  of  either  of  these  alkali  oleate  solutions  may  be  added  |  pint 
of  a  metallic  salt  solution  containing  the  following  quantities  of 
the  salt : 

For  1  pint  of  sodium  oleate  solution  : 

Lead  Acetate,  crystallized '  .   .   .    .  273  grains. 

Copper  Sulphate,  crystallized 180     " 

Zinc  Sulphate,  crystallized 207     " 

Mercuric  Nitrate 237     ** 

For  1  pint  of  potassium  oleate  solution  : 

Lead  Acetate,  crystallized 259  grains. 

Copper  Sulphate,  crystallized •    •  170     " 

Zinc  Sulphate,  crystallized 197     " 

Mercuric  Nitrate 225     " 

The  United  States  Pharmacopoeia  recognizes  5  oleates,  all  made 
by  direct  solution  of  the  active  ingredient  in  oleic  acid ;  they  are : 

Oleate  of  atropine,  containing  2  per  cent,  of  atropine;  oleate  of 
<x)caine,  containing  5  per  cent,  of  cocaine ;  oleate  of  mercury,  con- 
taining 25  per  cent,  of  mercuric  oxide ;  oleate  of  quinine,  containing 
25  per  cent,  of  quinine ;  oleate  of  veratrine,  containing  2  per  cent, 
of  veratrine.  With  the  exception  of  the  oleate  of  mercuiy,  iRrhich 
is  of  the  consistence  of  firm  butter,  the  official  oleates  are  all  liquid, 
being  solutions  of  the  respective  oleates  in  an  excess  of  oleic  acid, 
combined  in  the  case  of  the  oleates  of  atropine,  cocaine,  and  vera- 
trine with  about  an  equal  volume  of  olive  oil.  The  Pharmaoopcpia 
"directs  the  alkaloids  atropine  and  cocaine  to  be  triturated  with  about 
an  equal  weight  of  alcohol,  and  the  yellow  mercuric  oxide  with  an 
equal  weight  of  distilled  water,  before  addition  of  the  oleic  acid,  in 
order  to  facilitate  solution,  the  alcohol  and  the  water  being  subse- 
quently driven  off  by  means  of  heat. 

Powdered  oleate  of  zinc  should  be  the  true  normal  oleate,  but  the 
commercial  article  is  frequently  mixed  with  an  excess  of  zinc  oxide; 
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3  best  prepared  by  the  process  sug^sted  by  Mr.  BeriDger,  whicli 
IS  follows:  warm  the  sodium  oleate  solution  (see  above)  to  43° 
(109.4°  F.),  and  to  it  add  slowly,  with  constant  stirnng,  the 
iition  of  zinc  sulphate,  collect  the  precipitate  on  a  moist  filter, 
9h  thoroughly  with  water,  and  dry,  on  bibulous  paper,  at  a  tem- 
ature  not  above  38°  C.  (100°  F.).  In  otder  that  the  oleate, 
en  dry,  may  be  obtained  in  white  friable  masses  which  can  easily 
passed  through  a  sieve  as  au  impalpable  unctuous  powder,  it  i& 
portant  that  the  temperature  dunug  precipitattoo  be  maintmned 
ween  38°  and  43°  C.  (100"  to  110^  FA 

Under  the  names  of  ointments  of  the  various  oleates,  manu- 
turers  have  for  some  time  offered  a  class  of  preparations  in  regard 
rhich  some  confusion  exists,  as  the  vehicle  as  well  as  the  propor- 
I  of  the  oleate  used  varies  with  different  manufacturers ;  the 
licle  is  either  benzoinated  lard  or  soft  or  firm  petrolatum,  hence 
consistence  may  vary  considerably.  The  t«nn  "  ointment  of  any 
ite,  5,  10,  or  20  per  cent.,"  can  have  but  one  meaning  as  far  as 
active  ingredient  is  concerned,  namely,  that  the  finished  product 
tains  5,  10,  or  20  parts  of  the  respective  normal  oleate  in  every 
'  parts  of  the  ointment,  and  not  5,  10,  or  20  parts  of  the  alkaloid 
aetallic  oxide,  as  is  frequently  supposed.  Ointments  of  oleat«& 
e  received  official  recognition  in  two  instances,  the  ointment  of 
curie  oleate  and  the  ointment  of  zinc  oleate,  both  of  the  British 
mnacopoeia,  the  former  containing  25  per  cent,  of  normal  mer- 
c  oleate  and  the  latter  50  per  cent,  of  normal  zinc  oleate.  Besides 
e  the  ointments  of  aconitine,  atropine,  and  cocaine  of  the  same 
rmacopoeia  must  be  looked  upon  as  ointments  of  oleates,  since 
respective  alkaloids  are  dissolved  in  an  excess  of  oleic  acid  before 
rporatioa  with  the  lard. 


CHAPTER    XXXV. 

PLASTERS  AND  SUPPOSITORIES. 

PLASTERS. 

Plasters  are  preparations  intended  for  external  application, 
Avbich,  although  firmer  and  more  tenacious  than  cerates,  become 
^hesive  by  the  heat  of  the  body,  and  may  be  made  to  serve  the 
purpose  of   offering  both   support  and   medication  to  the  parta 
to  which  they  are  applied.     They  are  firm  solids  at  ordinary  tem- 
perature and  cannot  be  spread  without  the  aid  of  heat,  but  retain  a 
■certain  degree  of  flexibility  when  applied  to  the  body.    The  base 
or  mass  of  nearly  all  the  official  plasters  is  either  simple  lead  plaster 
•or  a  mixture  of  the  same  with  wax,  rosin,  and  gum-resins;  in  laije 
manufactories  a  rubber-mass  is  specially  prepared  from  caoutchouc 
^nd  certain  aromatic  resins  and  vegetable  powders,  which  is  to  be 
preferred  in  some  cases  on  account  of  its  flexibility  and  adhesive- 
ness.    In  the  preparation  of  the  rubber  plaster-base  the  crude  India 
rubber  of  commerce  is  first  freed  from  impurities,  by  steaming  and 
t^ontinuous  washing  with  warm  water  in  suitable  machinery  until 
aU  foreign  matter  has  been  removed,  after  which  it  is  repeatedly 
passed  between  heavy  steel  rollers  kept  at  a  temperature  of  about 
55°  or  37°  C.  (95°  or  98.6°  F.) ;  during  this  kneading  process  the 
rubber  gradually  softens  and  assumes  a  plastic  condition  v?hich  fits 
it  admirably  for  the  incorporation  of  very  finely  powdered  olibanam, 
■orris  root,  and  rosin  or  Burgundy  pitch,  this  being  also  efifec^A 
between  warm  smooth  rollers. 

Some  authorities  contend  that  plasters  made  with  a  rubber  ba* 
are  wholly  inefficient  where  systemic  or  even  endermatic  effects  are 
-desired,  since,  as  they  claim,  the  rubber  combination  does  not  permit 
the  release  and  subsequent  absorption  of  the  medicinal  agetit  present 
Opinions  are  divided  on  this  point,  and  while  there  is  no  Soubt  tlat 
a  volatile  or  a  fatty  vehicle  will  permit  the  absorption  of  any  roedir- 
inal  agent  in  admixture  more  readily  than  an  insoluble  mass  of  rub- 
ber, rosin  and  wax,  or  lead  oleate,  many  physicians  claim  to  have 
observed  positive  good  effects  from  rubber-base  plasters,  and  the 
testimony  of  many  hundred  laymen  is  in  favor  of  this  decidedlf 
more  pleasant  and  convenient  form  of  plasters. 

As  in  the  case  of  ointments,  plasters  may  be  divided  into  tbnee 
groups  with  regard  to  their  therapeutic  action  : 

1.  Plasters  intended  to  exercise  a  supportive,  protective,  antisep- 
tic, ooiinterirritant,  or  vesicant  effect.  These  will  act  only  epid^ 
matically,  and  a  mass  possessing  the  property  of  ready  and  continued 

430 


PLASTESS  AND  SUPPOSITORIES.  431 

is  to  be  preferred ;  hence  the  official  adhesive  plaster 
1  similar  rubber  combinadons  are  well  adapted  for  thb  group,  as 
y  possess  the  advantage  of  greater  adhesiveness,  especially  in  the 
sence  of  moisture. 

2.  Plasters  intended  to  produce  an  endermatic  effect,  such  as 
dyne,  astringent,  alterative,  sedative,  or  stimulant.  This  group 
ludes  the  official  plasters  of  belladonna,  lead,  opium,  and  soap ; 
1  while  lead  oleate,  together  with  its  admixtures  of  rusin  or  soap, 
ireferred  by  many  as  a  vehicle,  it  is  safe  to  assume  that  the  large 
intitiea  of  plasters  of  this  group  made  with  rubber-mass  are  used 

without  good  results. 

3.  Plasters  intended  for  constitutional  and  systemic  effects.  As 
ae  require  penetration  not  only  into  but  through  the  skin,  it  is 
oiutely  necessary  that  the  vehicle  be  one  of  recognized  absorba- 
ty:  the  only  official  representative  of  this  group  is  mercurial 
5ter,  and  it  is  very  doubtful  whether  this  is  not  decidedly  inferior 
nercurial  plaster-mull  or  salve-mull,  now  preferred  by  physicians, 
I  often  prescribed  as  steatinum  hydrargyri  or  unguentum  hydrar- 
i  extensum  (see  pf^  434). 

The  preparation  oi  plaster-masses  by  pharmacists  is  very  similar 
hat  of  cerates,  being  preferably  conducted  with  water-bath  heat, 
x  constituents  havine  the  highest  fusing-point  being  first  intro- 
ed  into  the  pan  or  dish,  and  others  of  greater  fusibility  being 
lually  incorporated.  All  wholly  or  partly  volatile  substances, 
ileoresins  or  essential  oils,  must  be  added  last,  and  non-fusible 
stances  must  be  incorporated  in  the  form  of  very  fine  powder 
mever  possible ;  as  gum-resins  are  frequently  added  to  plaster 
:tures,  and  as  they  cannot  be  reduced  to  fine  powder  without 
iiy,  they  must  either  be  treated  in  coarse  powder  with  alcohol, 

the  resulting  solution  of  resinous  matter  then  evaporated  to  a 
ipy  consistence,  as  in  the  case  of  asafetida,  myrrh,  and  gal- 
um,  or  be  emulsionized  with  diluted  acetic  acid  and  then  evap- 
:ed  until  the  liquid  hardens  on  cooling,  as  in  the  case  of  ammoniac, 
either  case  the  concentrated  liquid  should  be  added  to  the  fused 
:ture  when  it  b^ius  to  cool,  the  mass  being  well  stirred  to  insure 
form  distribution. 

Fluid  and  solid  estracts  must  be  incorporated  as  in  the  case  of 
ments,  the  former  after  evaporation  to  a  syrupy  consistence, 

latter  after  softening  with  a  little  water  or  diluted  alcohol,  as 
case  may  be.  As  in  the  case  of  ointments,  the  extinguishment 
metallic  mercury  in  plasters  is  most  conveniently  effected  by 
jration  with  mercuric  oleate. 

[f  any  foreign  matter,  such  as  sand,  pieces  of  wood,  and  the  like, 
aid  be  found  in  the  melted  plaster,  this  is  best  removed  by 
tntation  or  straining,  which  must  always  be  done  before  the 
iluble  and  non-fusible  substances  are  added  ;  if  straining  be 
•rted  to,  it  will  be  advisable  to  perform  this  operation  with  the 
llest  bulk  possible,  the  strained  material  being  always  received 
,  warm  pan  or  dish. 
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If  plasters  are  to  be  preserved  for  stock,  they  are  osoallj  rolled 
into  cylindrical  pieces  of  convenient  thickness  weighing  about  4  or 
8  oz. ;  this  operation  is  performed  on  a  slab  or  board  previonsly 
moistened  with  water  or  expressed  oil  of  almond  ;  these  sticks  or 
rolls  shonld  be  wrapped  in  waxed  or  paraffin  paper  to  protect  them 
from  the  air. 

Although,  with  one  exception,  the  term  plaster  is  officially  applied 
to  the  mass  or  combination  to  be  spread  upon  leather  or  muslin,  it  is 
more  extensively  used  in  trade  to  designate  the  finished  spread  plas- 
ter, ready  for  application.  The  spreading  of  plasters  has  almo6t 
entirely  passed  out  of  the  hands  of  pharmacists,  hence  it  does  not 
now  appear  necessary  to  describe  and  illustrate  the  various  appli- 
ances which  twenty-five  or  thirty  years  ago  were  considered  a  veiy 
essential  and  important  part  of  every  educated  pharmacist's  outfit 
Plaster-masses,  official  and  otherwise,  can  now  be  purchased  of 
reliable  quality^  spread  on  muslin  or  other  material,  in  one-  and  five- 
yard  rolls,  or  in  definite  and  convenient  sizes,  from  lai^  manu- 
facturers, and  there  is  to-day  no  more  reason  why  a  pharmacist  should 
make  and  spread  belladonna  plasters  than  that  he  should  return  to 
the  spreading  of  adhesive  plaster,  as  was  done  many  years  ago. 
Moreover,  plasters  are  prescribed  but  rarely  now  by  physicians,  and, 
when  some  new  combination  is  ordered,  the  pharmacist  will  probably 
have  little  difficulty  in  spreading  a  plaster  of  fair  quality  ana  appeal^ 
ance  by  following  the  few  general  directions  here  given. 

For  extemporaneously  spread  plasters  the  best  material  is  soft 
white  leather,  the  kind  known  in  the  trade  as  plaster  skin.    A  piece 
should  be  cut  1  inch  larger  each  way  thau   the  size  of  the  plaster 
ordered ;  thus  a  4  x  6  plaster  would  require  a  piece  of  leathers  x  7 
inches ;   now  prepare  4   strips,  J^   inch    in    width,  of  stiff  paper, 
preferably  glazed,  and  having  previously  prepared  the  plaster-mass 
on  a  water-bath,  as  directed  above,  apply  the  paper  strips  to  the 
rough  side  of  the  planter  skin  in  such  a  manner  tnat  the  desired  space 
shaU  remain  uncovered,  and  carefully  pour  the  melted  plaster  on  the 
leather,  smoothing  the  surface  with  a  warm  spatula,  or  by  holding 
the  spread  plaster  near  a  stove  or  furnace-register  and  allowing  the 
soft  material  to  run  smooth.     Then,  having  placed  the  spread  plaster 
on  a  level  surface,  with  a  quick  motion  remove  the  paper  strips  before 
the  plaster  surface  hardens,  so  that  a  clean  half-inch  margin  arouncl 
the  plaster  proper  may  be   obtained.     In  place  of  a  spatiila,  the 
roller  shown  in  Fig.  268  may  be  used  with  advantage  for  smoothing 
the  spread  plaster-mass  ;  it  should  be  dipped  in  hot  water,  so  as  to 
become  warm,  before  it   is    used,  and  tnen  be  moistened   with  a 
mixture  of  1  volume  of  glycerin  and  2  volumes  of  water  to  prevent 
adhesion. 

If  the  paper  strips  be  attached  before  the  melted  mass  is  read)* 
to  be  applied,  the  paste  is  likely  to  dry^out,  when  subsequent 
removal  of  the  paper  from  the  rough  leather  becomes  difficult,  an*? 
hence  some  pharmacists  prefer  to  moisten  the  strips  with  a  damp 
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Dgejust  previous  to  spreading  the  plaster-mass;  this  plan  has 
n  fouDd  very  advantageous.  Instead  of  using  puper  strips, 
e  prefer  to  cut  a  frame  of  thin  cardboard,  with  a  central  opening 
Jie  required  shape  and  size  of  the  plaster,  which  is  tacked  down 
he  plaster  skin.  The  amount  of  material  necessary  for  spread- 
a  plaster  of  the  required  thickness  need  not  exceed  12  or 
jraiiiB  for  each  square  inch,  or  about  0.166  Gra.  for  each  square 
:imeter.  Plaster-spreading  requires  manipulative  skill,  and 
;tice  alone  can  bring  success;  yet  the  writer  has  seen  some 
tera  spread  by  students  in  his  laboratory,  who  had  never  before 


PlMier-roller. 

the  operation,  that  would  have  been  a  credit  to  any  first-class 
macy. 

[aramary  or  breast  plasters  are  always  made  circular  in  form, 
b  8  inches  in  diameter,  with  a  1-inch  mai^n ;  a  hole  1^  inches 
imeter  is  cut  in  the  centre,  and  from  this  point  to  the  outer  edge 
laster  is  slit  to  admit  folding  over  the  Breast.  Such  plasters 
referably  spread  on  chamois  skin,  which  is  softer, 
ly-plaster  is  the  name  frequently  applied  to  cantharides  or  blis- 
j  cerate  when  the  same  has  been  spread  upon  adhesive  plaster 
for  use.  The  spreading  of  the  cerate  is  done  in  the  manner 
]y  outlined  for  regular  plaster-masses,  except  that  heat  is  unnec- 
',  since  the  cerate  is  sufficiently  soft  to  permit  of  being  spread 
nple  pressure  of  a  spatula;  in  cold  weather  the  spatula  may 
ightly  warmed  with  advantage.  The  amount  of  blistering 
;  necessary  for  a  given  space  should  not  exceed  10  or  12  grains 
ch  square  inch,  or  about  0.120  Gm.  for  each  square  centimeter, 
•-plasters  are  not  intended  for  prolonged  application,  ordinary 
□   or  adhesive  plaster  will    answer  on  which  to  spread  the 
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cerate,  the  latter  material  being  preferable  on  account  of  the  adhe- 
sive edges^  which  serve  to  keep  the  plaster  from  slipping.  A  piece 
of  tarletan,  a  trifle  larger  than  the  surface  of  the  cerate,  should  be 
firmly  pressed  over  the  same,  which,  while  not  interfering  with  the 
blistering  action  of  the  cantharides,  protects  the  skin  from  being 
much  soiled,  and  prevents  any  of  the  cerate  from  getting  ander  the 
skin  if  the  blistered  surface  should  be  lacerated  by  sudden  removal 
of  the  plaster. 

Porous  plasters,  which  have  become  very  popular,  differ  from 
ordinary  spread  plasters  in  having  numerous  small  holes  punched 
through  them,  rendering  them  more  comfortable  for  prolonged  ^V$^' 
cation,  by  allowing  exhalations  of  the  skin  to  pass  off  freely,  xnej 
are  prepared  on  an  extensive  scale  by  special  machinery. 

European  dermatologists  some  years  ago  introduced  a  class  of 
preparations  known  as  pldster^muUsj  which  are  intermediate  in  con- 
sistence between  plasters  and  cerates.  These  plaster-mulls,  some- 
times also  called  salve-mulls,  are  especially  indicated  in  cases  in 
which  prolonged  application  is  necessary,  since,  owing  to  the  porous 
character  of  the  mull  or  gauze  employed,  they  permit  ready  evapo- 
ration, and  thus  prevent  maceration  of  the  epidermis,  which  is  likelj 
to  occur  in  the  case  of  more  occlusive  dressings.  They  are  some- 
times prescribed  as  steatins  and  spread  ointments ;  thus,  steatinuih 
zinci  salicylatumj  unguentum  hydrargyri  extenmimj  etc.  The  vehicle 
for  these  plaster-mulls  is  usually  a  mixture  of  suet  and  lard,  ef>n- 
taining  70  to  90  per  cent,  of  the  former,  which  is  easily  spread  wben 
heated,  but  does  not  melt  nor  run  when  applied  to  the  body.  The 
general  mode  of  preparation  is  about  as  follows :  A  piece  of  mull  or 
gauze  is  spread  on  a  piece  of  parchment  paper  which  has  been  pre- 
viously moistened  and  pressed;  the  medicated  mass,  having  been 
melted,  is  spread  over  the  gauze  by  means  of  a  broad  brush  when 
upon  the  point  of  congealing.  The  surface  is  afterward  made  smoiith 
with  a  spatula  dipped  in  warm  water,  and  afl«r  having  lain  in  a  awl 
place  for  a  few  hours  the  parchment  paper  is  removed. 

The  Pharmacopoeia  still  recognizes  6  plaster-masses  and  1  spread 
plaster,  very  few  of  which,  however,  are  used  by  physicians  at  the 
present  day,  except  official  adhesive  plaster  for  surgical  purposes 
and  possibly  belladonna  plaster  for  its  anodyne  effect.  The  official 
directions  for  preparing  the  various  plasters  are  explicit,  requiring 
little  or  no  additional  remarks ;  with  care  and  observance  of  the 
precautions  before  stated,  good  results  will  be  obtained. 

Lead  plaster  is,  strictly  speaking,  a  chemical  compound — ^lead 
oleate  or  lead  soap — the  manufacture  of  which  will  be  more  fully 
explained  in  connection  with  the  subject  of  saponification.  It 
enters  either  directly  or  indirectly  into  the  composition  of  all  of  the 
official  plasters. 

The  following  is  a  list  of  the  Pharmacopoeial  plasters,  showiig 

their  composition : 
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Adbte- 
Bella- 


Adhesive  Plaster 


CompotlUoti. 

Rubber 

PeUolatum 

Lead  Plaster 

I  Exf  t  of  Belladonna  LeaTea  : 


)  n  11  J  m    .  '  EJirioi  iKiiaaonr 

("•"■'^"'""■«"     iAdh»l„PU«„ 

(Mercurj 
Oleate  of  Mereufy 
Hydrous  Wool  Fat 
Lead  Plaater  .  .  . 
(  Extract  of  Opium 

n  C^ii   .   .       Opium  Plaater    .    .    -J  Water 

(  Adhesive  Plaster  . 


lOOUm. 
00    " 
30  Gm. 


6Gm. 

ecc. 

90  Gm. 


SPEOIAI.  SEUASKS. 

■mplastmm  AdhsBsiTnm. — The  present  adhesive  plaster  of  the 
-macopceia  differs  materially  from  the  former  rosin  plaster  which 

designed  to  replace.  The  rosin  and  yellow  wax  have  beea 
iced  by  rubber  and  petrolatum,  the  former  being  melted  at  a 
lerature  not  exceeding  150°  C  (302°  F.)  and  mixed  with  an 
I  weight  of  jietrotatum  which  dissolves  it ;  to  this  Bolution  lead 
er  is  added  and  the  heat  continued  until  a  uniform  liquid  results, 
h  is  then  allowed  to  cool. 

Implastnim  Belladonna. — While  the  preparation  of  belladonna 
er  presents  no  difficulty,  it  is  essential  that  the  extract  of  beila- 
a  .used  be  of  full  official  strength,  since  the  Pharmacopceia 
ires  that  the  plaster,  when  assayed  by  the  official  method,  shall 

not  less  than  0.38  nor  more  than  0.42  per  cent,  of  mydriatic 
oids.  The  Pharmacopeia  also  demands  that  all  machine-spread 
donna  plasters  shall  conform  to  the  above  standard  of  alkaloidal 
gth  when  tested  by  the  official  method  of  assay.  In  view  of 
ariability  in  quality  of  the  commercial  belladonna  plasters,  the 
al  requirement  apjiears  very  desirable. 

mplastxnm  Oapsici. — Capsicum  plaster  is  the  only  plaster 
ally  directed  to  be  spread.  The  body  of  the  plaster  consists  of 
official  adhesive  plaster  spread  on  fabric,  the  surface  being 
led  over  with  oleoresin  of  capsicum,  0.2.5  Gm.  of  the  latter  being 
lined  in  every  space  15  centimeters  square,  or  about  -^  grain  in 
'  square  inch. 

mplaBtmm  Opil. — Opium  plaster,  when  made  with  standard- 
extract  of  opium,  as  it  should  be,  contains  1.2  per  cent,  of 


436  PRACTICAL  PHARMACY. 

morphine.  A  pilular  extract  of  the  proper  strength  is  better  suiteJ 
fur  this  plaster  than  the  official  powdered  extract,  since  the  latter 
cannot  easily  be  reduced  to  the  condition  of  a  smooth  paste  witb 
water ;  if  the  water  be  warmed,  the  results  are  more  satistadoiy. 

Emplastrttm  Plnmbi, — In  the  preparation  of  the  ofSdal  l«sd 
plaster,  mutual  decomposition  is  efiected  between  warm  solutions  of 
60  Gm.  of  lead  acetate  and  100  Gm.  of  dried  Castile  soap,  resului^ 
in  the  formation  of  lead  oleate  (mixed  with  a  small  proportion  of 
lead  palmitate,  since  the  soap  used  is  not  pure  sodium  oleate],  which 
is  precipitated,  and  sodium  acetate,  which  remains  in  solution,  and  is 
removed  by  washing  the  precipitate  with  hot  water.  The  plaster  is 
finally  freed  from  water  by  kneading  on  a  warm  slab,  and  thm 
wrapped  in  paraffin  paper  to  protect  it  against  the  action  of  the  air. 

SUPPOSITORIES. 

Suppositories  are  solid,  medicinal  preparations  designed  to  be 
introduced  into  the  rectum,  v^ina,  urethra,  or  nose  ;  when  intended 
for  the  two  last  named  they  are  usually  termed  bougies.  They  are 
of  such  consistence  that,  while  retaining  their  shape  at  ordinary  tem- 
peratures, they  will  slowly  melt  at  that  of  the  body  or  liquefy  in  the 
presence  of  moisture.  The  usual  shape  of  rectal  suppositories  is  that 
of  a  cone  with  a  rounded  apex  (see  Figs.  269  and  270),  but  the 
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difficulty  of  readily  introducing  these  into  the  rectum,  on  account  of 
the  resistance  offered  by  contraction  of  the  sphincter  muscle,  led  to  \V» 
suggestion  of  a  new  shape  by  H,  S.  Wellcome,  of  London  (1893),  *-* 
shown  in  Fig.  271,  the  great  advantages  of  which  become  apparent 
when  it  is  remembered  that  the  bulbous  end  is  inserted  into  the  rec- 
tum first,  and  that  as  soon  as  the  greatest  diameter,  which  is  •boo: 
one-half  inch  from  the  point,  has  been  passed,  expulsion  of  the  p«t- 
pository  is  im^ssible,  by  reason  of  the  very  contractile  foree  of  lif 
sphincter,  which  renders  retention  of  the  ordinary  conical  sbup^ 
often  so  difficult. 
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'a^nal  suppositories  are   made   either  globular  or  similar   to 
I  aappositoriea,  as  shown  in  Figs.  272,  273,  and  274,  while,  for 


Fig.  272.  Fia.  273.  Fia.  274. 


rol  and  nasal  bougies  the  peDcil-slmpe,  seen  in  Figs.  276,  276, 
177,  has  been  adopted,  the  last-iiameti  being  about  one-third  as 
but  twice  as  thick  as  the  urethral  bougies. 


ppositories  are  intended  to  insure  a  slow  and  uniform  difTusioa 
>tr  medicinal  constituents  to  those  internal  parts  to  which  they 
>e  applied,  and  the  choice  of  vehicle  is  made  accordingly.  The 
ubstance  for  the  preparation  of  suppositories  is  undoubtedly 
butter,  or  oil  of  theobroma,  first  suggested  in  1850  by  the 
..  B.    Taylor,  on  account  of  its  low  fusing-point  and   bland, 


Tbe  Wellcome-abape  urethal  boosle. 

n'tatine  properties.     When   medicinal  agents,  such  as  volatile 
ad  tbe  like,  which  have  a  softening  effect  on  the  fatty  vehicle. 


lered  in  suppositories,  and  likewise  during  the  summer  season 
I    warm    countries,  it  will  frequently  be  found  imiwssible  to 
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make  suppositories  with  a  cacao  butter  basis  without  the  addition  of 
wax,  which  latter  may  be  used  to  the  extent  of  6,  10,  or  even  20 

Eer  cent,  of  the  weight  of  the  fat.     At  the  same  time  it  miBt  be 
orne  in  mind  that  the  presence  of  a  considerable  quantity  of  insolo- 
ble  matter,  vegetable  or  mineral  powders,  has  the  tendency  to  raise 
the  melting-point  of  the  fat ;  in  some  instances  the  difference  has  been 
observed  to  be  as  much  as  5  or  6  degrees  C.  (9  to  14.4  degrees  F.). 
A  mixture  of  glycerin  and  gelatin,  known  as  glycerin  jelly,  is  also 
frequently    employed   for    vaginal    suppositories    and    nasal  and 
urethral  bougies,  on  account  of  its  ready  miscibility  with  water. 
It  is  admirably  adapted   for  the  exhibition  of  solid  extracts,  as 
those  of  opium,  belladonna,  and  ei^t,  and  such  substances  as  bone 
acid,  hydrated  chloral,  iodine,  iodororm,  alkali  bromides  and  iodides, 
ichthyol,  etc.  Tannic  acid  and  alum,  considered  incompatible  with  gel- 
atin, can  nevertheless  be  made  into  satisfactory  suppositories  or  bougies 
with  glycerin  jelly  by  the  modified  process  given  below.     The  propor- 
tions best  adapted  for  general  purposes  are  gelatin  20  parts,  glycerin 
40  parts,  and  water  80  parts,  the  whole  to  h«  reduced  by  evaporation 
to  100  parts.     For  some  purposes  these  proportions  may  have  to  be 
changea;  thus,  for  hygroscopic  drugs,  such  as  potassium  or  sodinm 
iodide  and  bromide,  hydrated  chloral,  etc.,  a  mixture  of  gelatin  10 
parts,  water  40  parts,  and  glycerin  15  parts,  evaporated  to  25  parts, 
will  be  found  much  better.     For  vaginal  suppositories  and  urethral 
bougies  intended  to  be  medicated  with  zinc  sulphate,  cupric  sulphate, 
silver  nitrate,  extract  of  opium,  corrosive  mercuric  chloride,  etc.,  a 
mixture  of  gelatin  10  parts,  glycerin  30  parts,  and  water  40  parts, 
evaporated  to  60  parts,  will  be  found  more  desirable;  while  for 
bougies  and  suppositories  of  all  kinds,  containing  large  proportions 
of  powdered  drugs  insoluble  in  water  or  alcohol,  a  softer  mass,  com- 
posed of  gelatin  30  parts,  glycerin  15  parts,  and  water  120  parts, 
evaporated  to   104   parts,   is  to    be   preferred.     Glycerin  jelly  is 
prepared  by  soaking  the  gelatin  in  the  water  for  a  few  hours,  ot 
over  night,  in  a  covered  dish,  then  adding  the  glycerin  and  evapo- 
rating on  a  water-bath  to  the  required  weight. 

Suppositories  and  bougies  of  alum  or  tannic  acid  with  glycerin- 
jelly  are  best  made  with  a  weak  solution  of  gelatin  as  follow*: 
macerate  5  parts  of  gelatin  with  35  parts  of  water,  add  10  parts  <  t 
glycerin,  heat  on  a  water- bath  until  solution  is  effected,  and  evap^ 
rate  to  40  parts.  To  the  warm  mass  add  a  hot  solution  of  8  part-^ 
of  alum  in  25  parts  of  water.  This  addition  causes  the  gelatin  t<* 
coagulate,  but,  on  continuing  the  heating  of  the  mass,  it  again 
becomes  liquid.  Finally,  evaporate  the  whole  to  40  parts  and  pour 
into  chilled  moulds.  For  tannin  bougies,  proceed  exactly  a;5  in  ^^^ 
case  of  alum  bougies,  using  1  part  of  tannic  acid  dissolved  in  o 
parts  of  glycerin  in  place  of  the  hot  alum  solution. 

The  official  glycerinated  gelatin  (Gelatinum  Glycerinatum,  F.  S.  R » 
is  prepared  by  pouring  sufficient  sterilized  water  over  100  Gm.  ^'^ 
gelatin  to  cover  the  same,  and  allowing  to  stand  for  1  hour;  the  \rBter 
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Mured  off  and  the  gelatin  allowed  to  drain  for  a  few  minutes  and 
isfeired  to  a  tared  dish.  After  the  addition  of  100  Gm.  of 
cerin  the  mixture  is  heated  on  a  water-bath  until  the  gelatin  is 
wived ;  the  solution,  while  hot,  is  strained  and  the  heat  eontinued 
il  the  product  weighs  200  Gm.  It  is  too  firm  for  use  by  itself 
I  vehicle  for  suppositories,  and  hence  the  Pharmacopceia  directs 
t  the  medicinal  agent  shall  be  mixed  with  a  little  water  and  suffi- 
it  glycerin  to  make  the  weight  of  the  mixture  one-half  that  of  the 
posed  finished  mass,  after  which  it  is  thoroughly  incorporated 
fi  an  equal  weight  of  glycerinated  gelatin  previously  melted  on  a 
er-both. 

The  Pharmacopceia  recommends  that  rectal  suppositories  made 
h  cacao  butter  should  weigh  about  2  Gm.  (30  grains).  Urethral 
gies  should  be  either  7  or  14  centimeters  (2.8  or  5.6  inches)  in 
jth  and  weigh  about  2  or  4  Gm.  (30  or  60  grains)  if  made  with 
i^erinated  gelatin  ;  if  made  with  cacao  butter,  they  should  weigh 
lit  one-half  as  much.  Vaginal  suppositories  should  wei^  about 
m.  (60  grains)  if  made  wiDi  cacao  Dutter,  or  10  Gm.  (150  grains) 
lade  with  glycerinated  gelatin. 

Since  suppositories  are,  like  ointments,  simply  mechanical  admixt- 
I  of  the  medicinal  constituents  and  a  vehicle,  the  former  mast 
lye  be  incorporated  in  the  form  of  an  impalpable  powder  or 
i  state  of  solution,  solid  extracts  being  rubbed  into  a  smooth 
e  with  water.  On  account  of  the  peculiar  application  of  sup- 
tories,  it  is  important  that  no  coarse  or  gritty  particles  should 
■  be  contained  therein.  They  are  made  either  entirely  by  hand, 
osting  in  appropriate  moulds,  or  by  cold  compression  in  suitable 
iratus. 

land-made  suppositories  are,  as  a  rule,  not  so  exact  and  uniform 
lape  as  those  moulded,  although  some  pharmacists  have  attained 
iderable  perfection  and  dexterity  in  following  this  convenient 
lod.  The  usual  plan  is  to  effect  an  intimate  mixture  of  the 
•e  ingredients  and  vehicle  in  a  mortar,  by  forming  them  into  a 
jrm  mass,  and  transfer  the  mass  to  a  graduated  tile  to  be  divided 
the  required  number  of  equal  parts,  which  are  then  properly 
ed  with  the  fingers.  To  prevent  adhesion  of  the  mass  to  the 
>r  fingers,  it  may  be  dusted  with  finely  powdered  starch  or  a 
ure  of  starch  and  lycopodium.  The  method,  of  course,  excludes 
ise  of  glycerin  jelly,  and,  if  the  mass  shows  a  disposition  to 
ible,  the  addition  of  a  few  drops  of  castor  oil  will  overcome  the 
ulty,  rendering  the  mass  plastic.  One  of  the  best  vehicles  for 
ng  suppositories  by  hand,  or  by  cold  compression,  is  a  mixture 
Lcao  butter  5  parts,  castor  oil  1  part,  and  yellow  wax  1  part, 
h  fuses  at  about  the  same  temperature  as  cacao-butter ;  another 
ure  melting  at  body  temperature  is  composed  of  cacao  butter  2 
,  hydrous  wool  fat  and  white  w&x,  of  each  1  part, 
or  casting  suppositories  in  moulds  it  is  necessary  to  have  the 
in    a  fluid  state.      If  carefully  and   skilfully   followed,  this 
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method  yields  the  most  perfectly  shaped  and  jBnished  suppositories 
that  can  be  made ;  but  it  requires  practice  to  insure  success,  pre- 
senting more  difficulties  than  any  other  method.  If  the  fluid  mass 
be  poured  into  the  moulds  too  warm^  immediate  separation  of  the 
insoluble  ingredients  occurs,  which  settle  in  the  apex  of  the  cone. 
If  allowed  to  cool  too  fast,  it  will  not  flow  properly,  and  fill  the 
moulds  imperfectly ;  the  proper  condition  of  the  mass  is  reached 
when  the  fluid  is  of  a  thin,  syrupy  consistence  and  a  slight  film 
begins  to  form  on  the  surface.  High  heat  should  be  avoided  in  pre- 
paring the  mass,  a  low  water-bath  heat  being  amply  sufficient  for 
melting  the  cacao  butter  or  glycerin  jelly.  Any  solid  extract  to  be 
added  should  be  softened  on  a  slab  or  pill-tile  with  a  little  wat^r, 
mixed  with  about  one-third  of  the  melted  vehicle,  and  transferred 
to  the  dish  or  capsule  containing  the  remainder  of  the  melted 
vehicle,  which  has  been  removed  from  the  water-bath  and 
allowed  to  cool  somewhat.  By  stirring  with  a  glass  rod  or 
narrow  steel  spatula  the  extract  will  become  uniformly  incor- 
porated, after  which  any  solid  ingredient,  in  impalpable  }x)wder, 
may  be  added  and  thoroughly  mixed;  the  fluid  mass  is  then 
immediately  poured  into  well-chilled  moulds,  with  constant  stirring 
to  prevent  separation.  It  is  important  that  no  heat  be  applied  to 
the  melted  mass  after  the  addition  of  the  medicinal  constituents  le»t 
separation  occur,  particularly  in  the  case  of  extracts,  which  cannot 
afterward  be  successfully  overcome.  If  perchance  the  mixture 
solidifies  before  it  is  transferred  to  the  moulds,  it  may  again  W 
liquefied  by  holding  the  dish  or  capsule  over  the  steam  arising  from 
a  hot  water-bath  and  stirring  assiduously.  The  moulds  must  be 
perfectly  clean  and  dry,  having  been  previously  well  chilled  by 

5 lacing  them  on  ice ;  there  will  then  be  no  occasion  whatever  for 
usting  them  with  lycopodium  or  other  substance.  If  the  fluid  mass 
is  of  the  right  consistence  and  the  mould  cold,  it  will  immediately 
congeal  and  contract  on  being  poured  into  the  moulds,  but  sufficient 

Fig.  278. 


Closed.  Open. 

Maris'  suppository  mould. 

time  should  be  allowed  for  the  suppository  to  harden  throughoat, 
otherwise  trouble  may  be  experienced  in  removing  them  ;  in  winter 
twenty  or  thirty  minutes  will  suffice,  whereas  forty  minutes  or 
longer  may  be  necessary  in  summer,  unless  the  mould,  after  having 
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>n  filled,  be  placed  in  an  ice-chest.     Varions  styles  of  moulds  are 
use  among  pharmacbts,  those  known  as  divided  moulds,  opening 


lupposltorr  mouli]  (open). 


ler  horizontally  or  vertically,  being  preferred  on  account  of  the 

ivenience  with  which  they  can  be  taken  apart  and  cleaned.     Figs, 

i,  279,  280,  and  281  respresont  four  different  styles  of  moulds. 

Fig.  280. 


See's  auppoatlory  mould. 

m  all  of  which  the  suppositories  can  be  quickly  removed  by  bear- 
slightly  with  the  finger  against  the  conical  ends  after  tlie  moulds 
■e  been  opened. 

The  following  medicated  suppositorieB  have  at  times  proved 
iblesome,  probably  for  want  of  proper  understanding  of  the  con- 
ons  present. 

Fio.  281. 


Suppositories  of  trional  or  trional  and  codeine  are  ezten- 
■l_v  used  in  some  localities,  especially  in  hospitals.  Trional  is 
ible  in  hot  cacao  butter,  but  ujran  cooling  the  solution  rapidly 
difies  into  an  unmanageable  mass.     The  best  plan  of  incorporat- 
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ing  the  trional  is  to  rub  it  up  into  an  impalpable  powder,  mix  it 
with  castor  oil  into  a  smooth  paste,  6  minims  of  oil  for  20  grains  of 
trional,  and  then  add  this  to  the  melted  cacao  butter,  previously 
cooled  to  about  43°  C.  (109.4°  F.) ;  the  mixture  is  well  stirred  and 
poured  into  moulds.  If  codeine  is  to  be  used  together  with  trional, 
It  may  be  dissolved  directly  in  the  melted  fat ;  but  as  solution  takes 
place  slowly,  it  is  better  to  dissolve  the  alkaloid  in  a  little  alcohol 
and  add  the  solution  to  the  warm  fat,  when  the  alcohol  will  be  did- 
pated ;  the  trional  is  added  in  the  manner  directed  above. 

Suppositories  of  Hydrated  Chloral. — If  these  are  to  be  made 
with  glycerin  jelly,  little  or  no  difficulty  is  experienced,  nor  with 
cacao  butter  if  the  proportion  of  hydrated  chloral  is  small  (10  or  15 

i)er  cent.).  Hydrated  chloral  will  liquefy  cacao  butter  if  added  in 
arge  quantity,  and  yet  with  the  aid  of  a  little  castor  oil,  5  minims 
for  15  grains  of  powdered  hydrated  chloral,  a  paste  is  obtained  which, 
according  to  H.  B.  Dunnine,  when  mixed  with  15  grains  of  melted 
and  cooled  cacao  butter,  produces  firm  and  satisfactory  suppositories* 
containing  50  per  cent,  of  the  medicinal  agent.  Such  suppoatories 
should  always  be  kept  in  a  cool  place  during  warm  weather.  P. 
MacEwan  recommends  in  Art  of  Dispensing  the  following  plan  for 
suppositories  containing  60  per  cent,  of  hydrated  chloral :  Melt  60 
grains  of  white  wax  (shredded)  in  a  wide-mouth  vial  on  a  water-bath, 
add  180  grains  of  powdered  hydrated  chloral,  shake  well,  and  add 
60  grains  of  cacao  butter  previously  melted.  Continue  to  shake  until 
creamy  and  pour  into  chilled  moulds. 

Suppositories  of  Tannic  Acid  and  Extract  of  Belladonna.— 

Tannic  acid,  powdered  nutgall,  and  similar  astringent  substance 
are  likely  to  cause  trouble  with  extract  of  belladonna  or  other  alka- 
loidal  drugs,  and  even  without  such  extracts  will  cake  if  the  cacao 
butter  has  a  temperature  above  54°  C.  (129.2°  F.).  The  cold- 
compression  method  is  to  be  preferred  for  all  such  combinations.  If 
the  suppositories  are  to  be  cast  in  moulds,  the  proper  plan  is  to  soften 
the  extract  with  the  smallest  possible  amount  of  water  and  mix  it 
with  about  one-third  of  the  melted  cacao  butter  at  a  temperature 
between  38°  and  43°  C.  (100.4°  and  109.4°  F.),  using  another  thud 
of  the  melted  fat  for  incorporation  of  the  finely  powdered  astrii^nt 
Finally,  add  both  mixtures  to  the  remaining  fat,  mix  well,  and  pour 
at  once  into  well-chilled  moulds. 

Suppositories  of  Iodoform. — Iodoform  should  never  be  mixed 
with  melted  cacao  butter  while  the  latter  is  hot;  and  if  balsam  of 
Peru  is  also  to  form  part  of  the  suppositories,  it  should  be  mixed 
into  a  smooth  paste  with  the  iodoform,  which  is  then  incorporated 
with  about  one-half  of  the  melted  cacao  butter  containing  10  per 
cent,  of  wax,  and  when  thoroughly  mixed,  transferred  to  the  dish 
containing  the  remainder  of  the  fatty  base,  well  stirred  and  poured 
into  moulds. 

The  numerous  difficulties  attending  the  casting  process  have  led 
many  pharmacists  to  abandon  this  process  in  favor  of  cold  compres- 
sion.    The  chief  advantages  of  the  compression  method  are  the 
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ing  of  time  aod  the  absence  of  all  danger  of  overheating  and  of 

taratioD  of  extracts  and  other  ingredients, 

lile  the  suppositories  are  uniform  in  compo-  p,g  282. 

ion   and  leave  nothing  to  desire  in  appear- 

ae,  although  the  finish  is  possibly  not  quite 

perfect  as  in  carefully  cast  suppositories, 
le  mass  for  compression  is  prepared  in  a 
irtar,  as  for  hand-made  suppositories,  and, 
len  a  uniform  mixture  has  been  obtained,  it 
removed  and  cut  up  into  small  pieces,  which 
;  placed  in  a  hopper  or  barrel  of  the  com- 
jssor. 

The  first  successful  compression  mould  for 
ipensing  purposes  was  that  kuown  as  the 
chibald  monld  ^ee  Fig.  282),  which  is  still 
id  by  many.  The  only  objection  to  this 
luld  is  the  tedious  removal  of  the  finished 
apository ;  the  adhesion  of  the  mass  to  the 
es  can  be  readily  overcome,  however,  by 
abbing  the  mould  with  a  pledget  of  cotton 
[npened  with  glycerin  between  every  two 
npressions. 

The  three  apparatus  shown  in   Figs.  283, 
i,  and  285  are  improvements  on  the  Arehi- 
d  mould  in  so  far  that  3  rectal  suppositories 
1  be  compressed  at  once,  while  the  finished  product  is  easily  and 
a,  cloMd.  Flo.  283.  b,  opened. 


The  Aichlbkld  aappotl- 


The  "  PerfectloQ  "  ■uppoallorj'  machine. 
ickly  removed.     They  differ  from  each  other  only  in  the  position 
the  compressor,  two  beine-  perpendicular  and  the  other  horizon- 
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tal ;  all,  however,  require  considerable  effort  to  force  the  mas 
tlirougli  the  small  opeoings  in  the  top  of  the  iBouJds  into  the  iiioijI<I'< 
proper  underneath,  which  is  the  only  objection   that  can  be  urged 


I,  and  pipe  atuchment. 

against   them.     It   somelinies   happens   that  the   mould  becomts 
"  fixed  "  in  the  cylinder  of  the  "  Perfection,"  Freck,  and  other  sup- 

Jiository  compressing   machines,   in   which   case   it   can  easily  w 
ooaened  by  means  of  the  device  shown  in  Fig.  285,  and  known  as 
a  mould  starter.    Each  of  the  4  compression 
Fia.  285.  machines  ia  provided  with  a  Bet  of  3  sup- 

pository moulds  (2  rectal,  30  and  15  grains, 
and   1   vaginal)  and  1   bougie  mould.    Id 
the  Archibald  machine  the  moulds  are  placed 
H  in  a  swinging  bed,  which  is  secured  under 

(W  the  cylinder  by  means  of  a  lever,  and  aAa 

W  the   suppository   has  been   compressed  the 

^0  swinging  bed  is  loosened,  the  mould  taken 

Mould  itarter.  out  and  opened,  and  the  suppository  removed 

by  gently  pushing  it  with  the  thumb.  In 
the  3  other  machines  the  moulds  are  screwed  into  the  lower  part 
of  the  cylinder,  or  slipped  into  the  cylinder  from  the  top,  and  rest 
firmly  gainst  an  iron  bed-plate;  to  remove  the  compressed  sup- 
pository it  is  only  necessary  to  open  the  bed-plate,  as  shown  in 
Fig.  283,  a,  and,  by  one  or  two  turns  of  the  screw,  push  the  sup 
positories  out  of  the  monlds.  For  the  compression  of  naffll  '»' 
urethral  bougies  a  plate  is  put  into  the  cylinder  and  a  tul>e  attadiw, 
through  which  the  mass  can  be  forced  to  any  desired  length.' 

I  The  OeneHe  aappository  machine  and  compressor,  which  were  illnstntcd  fi 
described  on  pages  396,  397,  and  399.  of  the  firet  edition,  are  no  longer  on  the  mw- 
ket,  the  patents  and  rights  to  manufacture  the  machines  and  suppoatorici  htrisf 
be^  sold  to  Burroughs,  Wellcome  &  Co.,  of  London,  EogUnd. 


PLASTERS  AND  SUPPOSITORIES. 


Bougies,  made  with  glycerin  jelly,  are  cast  in  special  moulds, 
ch  as  are  shown  in  Figs.  287  and  288 ;  the  tubes  are  UHually 
abbed  with  a  woollen  rag  carr\-ing  some  liquid  petroleum  or  olive 


WhlUtll'i  lupposttory  machme. 


.  to  prevent  adhesion  of  the  material.  When  made  with  cacao- 
ter  or  eo^  and  starch  they  can  either  be  compressed  or  formed 
hand.  Nasal  bougies  should  be  about  38  millimeters  (1^  inches) 
length  and  6  millimeters  (^  inch)  in  diameter,  while  urethral 


g;ie8  are  usually  made  100  millinieters  (4  inches)  in  length  and 
n  3  to  4  millimeters  (^  to  4^  inch)  in  diameter.  The  ends  of 
li  are  somewhat  pointed,  as  shown  in  Fig.  289, 
The  Pharmacopeia  recc^nizcs  only  one  special  kind  of  supposi- 
es,  viz.,  those  of  glycerin,  and  gives  general  directions  for  the 
paration  of  all  others.  The  official  glycerin  suppositories  are 
•posed  of  93  per  cent,  of  glycerin  and  7  per  cent,  of  sodium 
rate,  and  if  all  water  has  been  expelled  will  weigh  about  3.21& 
,  (50  grains)  each.  They  are  made  by  dissolving  0.5  Gm.  of 
lohydrated  sodium  carbonate  in  5  Cc.  of  water  on  a  water-bath, 
iog  first  30  Gm.  of  glycerin  and  then  2  Gm.  of  stearic  acid,  and 
lly  heating  carefully  until  carbon  dioxide  ceases  to  be  evolved 
a  clear  liquid  results,  which  is  then  [wiiretl  into  a  mould  arranged 
10  suppositories  and  allowed  to  congeal.     Since  each  molecule  of 
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stearic  acid  is  capable  of  forming  one  molecule  of  sodium  Bltflrate, 
as  shown  by  the  equation  2HCigHL0,  +  (NsjCO,  +  H,0)  =  2KaC8- 
HjjOj  +  COj  +  2HjO,  2  Gm.  of  the  acid  will  form  2.156  +  Gin.  of 
sodium  stearate,  which  ia  sufficient  to  form  a  solid  mass  with  30  Gm. 


Fio.  288. 


Mttchell's  arethrsl  bouele  moald. 


of  glycerin,  the  water  and  carbon  dioxide  being  dissipated.  Owing 
■to  the  very  hygroscopic  nature  of  glycerin,  the  suppositories  muit 
either  be  wrapped  in  tinfoil  or  dispensed  in  Bmall  atraight  "ak 
without  a  lip ;  some  manufacturers  coat  them  by  dipping  them  into 


OOOO 


8uppoalMr7  shetU,  made  of  cacao-butter. 


melted  paraffin,  which  protects  them  against  the  air,  but  has  tb* 
disadvantage  of  possibly  failing  to  be  removed  by  the  patient  beftm 
,  insertion,  in  which  event  the  suppository  would  fail  to  act,  as  tlw 
lieat  of  the  body  is  not  sufficient  to  melt  paraffin. 

Suppository  shells  made  of  gelatin  or  butter  of  cacao  have  been 
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oduceil  for  the  convenience  of  the  dispenser,  but  are  not  used  to 
extent  The  medicinal  ingredient  is  intende<l  to  become  mixed 
1  the  material  of  the  sliells  as  the  latt«r  melts,  but,  as  this  is 
ertaio,  they  should  never  be  used  in  case  of  potent  remedies  or 
be  direct  application  of  the  active  agent  is  litely  to  cause  irrita- 
;  for  the  introduction  of  boric  acid,  iodoform,  or  aristol  they 


§§ 


Oelatln  mppmltory  (hells. 

however,  suitable.  In  the  case  of  butter  of  cacao  shells  (see 
.  289)  they  are  preferably  filled  with  a  mixture  of  the  active 
edient  and  grat«d  butter  of  cacao,  and  the  top  sealed  either  with 
tnn  spatula  or  a  little  stiff  mucila^  of  acacia.  The  gelatin 
la  (see  Fig.  290J  may  be  conveniently  sealed  by  moistening  the 
^n  of  the  lower  half  with  a  little  water  before  slipping  the 
;r  part  over  the  same.  The  best  method  of  dispensing  eupposi- 
9  is  undoubtedly  in  partitioned  paper  boxes  (see  Fig,  291),  the 


Sappositoiy  box. 


and  bottom  of  which  should  l>e  lined  with  tinfoil  or  paraffin 
r,  the  patient  always  being  directed  to  keep  the  box  in  a  cool 
; ;  in  the  absence  of  partitioned  boxes,  an  oblong  powder-box 
be  used,  the  suppositories  being  placed  between  two  pieces  of 
.-wadding. 


CHAPTER    XXXVI. 

THE  PRESCRIPTION. 

Although  the  many  and  varied  operations  of  the  dispeo^ng- 
counter  have  been  treated  in  the  preceding  chapters,  a  short  discus- 
sion of  the  prescription  itself  seems  desirable  for  the  purpose  of 
rendering  the  general  information  more  complete. 

The  word  prescription  (Latin  pmscriptioj  from  pnz^  before,  and 
scriberey  to  write)  is  defined  as  meaning  a  written  order  or  direction 
to  the  pharmacist  or  draggist  for  compoanding  and  dispensing  a 
medicine.  A  prescription  consists  of  several  parts,  namelj',  the 
superscription,  the  inscription,  the  subscription,  and  the  signature, 
to  which  is  almost  always  added  the  name  or  initial  of  the  physician 
ordering  the  medicine,  and  frequently  also  the  name  of  the  patient 
The  following  prescription  written  out  in  full  may  serve  as  a  type 
to  illustrate  the  various  parts  : 

(Supencription)  Recipe. 

{  Bismathi  Sabnitratis,  ^^ 

(Inscriptioii)  -j  Tinctune  Opii  CamphoratK,     ^y ; 

(  Mistune  Crotse,  q.  s.  ad  5  g. 

(SubsrriptioD)  Misoe. 

(Signature)  Signa :  A  teaspoonfal  every  2  hoara. 

a.  w.siciTH,  jLIX 

For  Mrs.  JenkiDS*  infant 

The  first  three  parts  of  a  prescription  are  written,  with  rare 
exception,  in  the  Latin  language,  because  it  is  the  language  of  science 
and  not  subject  to  change  like  modern  languages.  Free  use  is  made 
of  abbreviations,  which  are  readily  understood  by  pharmacists  the 
world  over.  The  superscription  consists  of  a  single  character,  R, 
the  initial  letter  of  the  Latin  word  recipe,  meaning  take  thou ;  in 
France  the  letter  P  is  used,  the  initial  letter  of  the  word  premies.  In 
olden  times  the  character  Qj  was  usually  placed  at  the  head  of  pre- 
scriptions and  formulas ;  this  was  the  sign  of  Jupiter,  the  chief 
deity  of  the  ancient  Romans,  and  was  probably  intended  as  an  invo- 
cation to  the  gods  ;  a  portion  of  this  character  is  still  used  by  some 
physicians  in  conjunction  with  the  letter  R,  thus  !^,  merely  as  an 
ornamentation  and  probably  without  any  knowledge  of  its  origin. 

The  inscription  is  the  most  important  part  of  the  prescripti<in, 
since  it  contains  the  names  and  quantities  of  the  ingredients  of  the 
medicine  ordered.  The  names  of  the  medicines  are  written  in  abbre- 
viated form,  and  the  quantities  are  ^Iways  indicated  by  symb*>k 
gr.,  9^  3,  5,  and  Roman  numerals,  except  in  the  case  of  metric  pre 
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ptions.  In  the  latter  case  the  quantities  are  always  designated 
Arabic  numerals,  properly  divided  by  the  decimal  point,  and  fre- 
Dtly  followed  by  the  signs  Gm.  or  Cc, ;  in  continental  Europe 
signs  Gm,  and  Cc,  are  rarely  employed,  because  Gm.  is  always 
lerstood,  all  substances,  liquid  as  well  as  solid,  being  dispensed 
weight.  The  inscription  may  be  conveniently  subdivided  into 
;ral  parts  according  to  the  importance  of  the  several  ingredients: 
5,  the6o«s  or  chief  active  agent;  the  adjuvant  or  agent  second  in 
ortance,  and  intended  to  aid  the  basis;  the  c<WTec(tt;«,  intended 
lodify  the  action  of  the  preceding  agents ;  lastly,  the  vehicle  or 
mi,  intended  to  provide  a  convenient  and  acceptable  form  of 
linistration.  It  must  not  be  supposed,  however,  that  every 
ription  consists  of  four  subdivisions,  for  sometimes  only  the  basis 
vehicle,  or  even  the  basis  alone,  may  be  prescribed, 
rhe  subscription  is  intended  to  give  directions  to  the  compounder 
)  the  manner  in  which  the  medicine  is  to  be  dispensed,  whether 
ivided  dosesor  as  a  whole.  These  directions  are  more  or  less 
mplete,  consisting  sometimes  of  a  single  letter,  as  M.  for  viisce, 
nTJUit;  or  S.  for  eohe,  or  a  combination  of  abbreviations,  as  tt. 
.  for  fiat  mistvra,  Ft.  j/uh.  for  fat  pulvin.  Ft.  sol.  (or  fiat  solutio, 
Frequently  the  subscription  is  so  incomplete  as  to  be  without 
riing  unless  the  missing  portion  is  mentally  supplied,  as,  for 
ince,  Ft.  chart,  x,  so  often  written  when  the  physician  desires 
medicine  to  be  divided  into  10  powders;  literally  translated,  this 
(•ription  would  read,  10  papers  viay  be  made  {fiant  charttE  decent). 
missing  portion  to  be  supplied  may  hep.  etdiv,  in,  and  if  added 
le  above  abbreviation  causes  the  same  to  rend,  fiat  pulma  et  divide 
hartas  x,  or  let  a  powihr  be  made  avd  divide  into  10  papers. 
rder  to  be  able  to  read  physicians'  prescriptions  intelligently  and 
rite  the  abbreviated  names  and  terms  out  in  full  when  desire<l, 
necessary  to  be  familiar  with  the  numerous  J-atin  titles  of  metli- 
i  and  the  many  words  used  in  the  subscription.  For  con- 
?nce  of  study  and  reference,  a  table  of  abbreviations  likely  to 
p  in  prescriptions  is  given  on  page  457. 

he  signature,  or  directions  as  to  how  the  medicine  is  to  be  taken, 
*Bys  written  in  English  in  this  country,  while  in  Great  Britain 
^ttn  language  is  still  occasionally  used.  It  is  important  thiit 
ignature  be  written  in  a  clear,  legible  hand,  so  that  neither  dis- 
vc  nor  patient  be  left  in  doubt  as  to  the  dose  intended,  and  it  is 
unfortunate  that  some  physicians  will  persist  in  giving  verbal 
tions  to  their  patients  and  marking  their  prescriptions  simply 
«  directed,  which  may  lead  to  much  confusion, 
he  following  prescriptions  are  given  for  the  purpose  of  acqnaint- 
he  student  with  the  use  of  various  abbreviations  common  in 
ription-writing,  and  which,  by  a  Mreful  comparison  of  the 
;viated  and  unabbreviated  forms  and  subsequent  reference  to 
■anslation,  will  enable  him  to  become  familiar  with  this  part  of 
■ork  of  the  dispensing-counter. 
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It  will  be  observed  in  the  above  prescriptions  that  in  every 
taoce  the  ingredients  are  written  in  the  genitive  (possessive)  case, 
1  the  quantities,  whether  by  weight  or  measure,  in  the  accusative 
jective)  case.  This  arrangement  will  be  better  understood  after 
analysis  of  the  following  prescription  has  been  carefully  studied,* 

B — Potaasii  CitratU 3^  [drachmas  duas). 

^iLfcSsSS". : :  }"3S  (...dr..h™.d™,. 

Sjrapi  Aeidi  Citrici ^    (uncitmi  uiiam). 

AquK  Meathee  Viridis      ■    q.  »-  ad  517  (quantum  sufficiat  ad  uudaa 
quatuor). 
PL  sol.  (fiat  Bolutio). 

As  explained  on  page  451,  the  letter  R  stands  for  the  word 
•ipe,  the  imperative  mood  of  the  transitive  verb  Redjdo,  reatpere, 
pi,  Teceptum,  third  conjugation,  meaning  to  receive  or  to  ^ke; 
ce  the  imperative  Re<sipe  means  "  take  thou,"  and  the  object  of 
verb,  in  this  case  the  quantity  of  ingredient  ordered,  must  be 
he  accusative  (objective)  case,  according  to  the  rule,  that  a  transi- 

verb  in  the  active  voice  governs  a  noun  in  the  objective  case. 

word  recipe  although  indicated  but  once,  at  the  head  of  the 
icription,  must  be  understood  as  governing  the  quantity  of  every 
edient  prescribed. 

Potassii  (of  potassium)  is  the  genitive  singular  of  potosnum,  a 
:er  noun  of  the  second  declension,  and  is  govemea  by  dtratit, 
rding  to  the  rule  that  anoun  limiting  the  signification  of  another 
n  governs  the  same  in  the  genitive  (possessive)  case. 
1'itrcUis  (of  citrate)  is  the  genitive  singular  of  citras,  a  feminine 
1  of  the  third  declension,  and  is  governed  by  drachmas,  accord- 
to  the  rule  that  a  noun  denoting  quantity,  quality,  or  property 
:ms  another  noun,  to  which  it  is  so  related,  in  the  genitive  case. 
7rachmas  (drachms)  is  the  accusative  plural  of  drachma,  a 
nine  noun  of  tlie  first  declension,  and   is  the  object  of  the  verb 

')uas  (two)  is  the  accusative  plural  femiuiue  of  the  numeral 

;tive  duo,  dues,  duo,  and  qualifies  drachviaa,  with  which  it  must 

s  in  case,  number,  and  gender. 

'piriti  (of  spirit)  is  the  genitive  singular  of  spirilus,  a  masculine 

1  of  the  second  declension,  and  is  governed  by  drachma!,  accord- 

0  the  rule  stated  under  cUratis. 

&heris  (of  ether)  is  the  genitive  singular  of  atker,  a  mascu- 

noun  of  the  third  declen^on,  and  is  governed  by  spiriti,  accord- 

o  the  rule  given  under  pofaesH. 

^itrosi  (of  nitrous)  is  the  genitive  singular  masculine  of  the 

tudenU  derirous  of  gainuiK  further  information  on  this  subject  are  referred  to 
llowing  books :  Robinson^  Latin  Orammar  of  Pharmaey  and  Mtdieine  ;  The 
(Jranmar  of  Pharmaiy,  by  Joseph  Ince  (England),  and  Etanentt  oj  Lalinfar 
U  of  Fhaxmae^  and  Sftdieine,  by  Crothenj  and  Bice. 
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adjective  nttrosoBj  nitrosa^  nitrosumy  and  qualifies  oetherisy  aooording 
to  the  rule  given  under  diuia, 

Vlni  (of  wine)  is  the  genitive  singular  of  vinumy  a  neuter  noun 
of  the  second  declension^  and  is  governed  by  drdchmaSy  aooording  to 
the  rule  given  under  dtratis. 

Colchici  (of  colchicum)  is  the  genitive  singular  of  coldiicum,  a 
neuter  noun  of  the  second  declension^  and  is  governed  by  radicU^ 
according  to  the  rule  given  under  potasm. 

JRadicis  (of  root)  is  the  genitu^  singular  of  radix,  a  feminine 
noun  of  the  third  declension,  and  is  governed  by  vini,  according  to 
the  rule  given  under  potassii. 

Ana  (of  each)  is  a  Greek  preposition  governing  the  accusative 
case,  and  as  such  has  a  distributive  effect.  Although  the  abbre- 
viated form  da  is  extensively  employed,  it  would  seem  more  correct 
to  use  instead  the  Latin  adjective  ainffulorum  to  indicate  "of  each,'' 
usually  abbreviated  sing.,  and  this  is  done  by  some  physicians,  par- 
ticularly in  Germany.  The  abbreviation  ad  or  sing,  may  be  used 
in  connection  with  any  number  of  ingredients  and  is  usuallj 
written  opposite  the  last  one  of  the  series  to  which  it  is  intended  to 
apply. 

Drachmas  (drachms)  as  above. 

Duos  (two)  as  above. 

Syrupi  (of  syrup)  is  the  genitive  singular  of  syrupvs,  a  mascu- 
line noun  of  the  second  declension,  and  is  governed  by  undam, 
according  to  the  rule  given  under  citratis. 

Acidi  (of  acid)  is  the  genitive  singular  of  aeidum,  a  neuter  noun 
.  of  the  second  declension,  and  is  governed  by  syrupi,  according  to 
the  rule  given  under  potassii. 

Citrici  {of  citric)  is  the  genitive  singular  neuter  of  the  adjective 
citincus,  citrioa,  citricum,  and  qualifies  a/ddi,  according  to  the  rule 
given  under  duos. 

Unciam  (ounce)  is  the  accusative  singular  of  unciaj  a  feminine 
noun  of  the  first  declension,  and  is  the  object  of  the  verb  recipe. 

Unam  (one)  is  the  accusative  singular  feminine  of  the  numenl 
adjective  uniis,  una,  unum,  and  qualifies  unciam,  according  to  thv 
rule  given  under  duas, 

AqiKB  (of  water)  is  the  genitive  singular  of  aqua,  a  feminine 
noun  of  the  first  declension,  and  is  governed  by  tantum,  understock! 
(see  quantum),  according  to  the  rule  given  under  dtratis. 

Menihce  (of  mint)  is  the  genitive  singular  of  mentha,  a  feminine 
noun  of  the  first  declension,  and  is  governed  by  aqucBy  aooording  to 
the  rule  given  under  potassii. 

Viridts  (of  green)  is  the  genitive  singular  feminine  of  the 
adjective  viridis,  viridis,  viride,  and  qualifies  menthcey  according  i«^ 
the  rule  given  under  duas. 

Quantum  (how  much)  may  be  parsed  as  an  adverb  of  quantity 
qualifying  the  verb  sufficiat,  but  it  is  better  to  parse  it  as  a  relative 
adjective  with  the  adjective  tantum  (so  much)  as  its  redditive.    Id 
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either  case  the  adjective  tarUum  is  understood  and  governs  aquce, 
according  to  the  rule  that  adjectives  in  the  neuter  gender,  without  a 
substantive^  are  r^arded  as  nouns  and  govern  the  genitive  case. 
TarUum  is  never  used  jointly  with  quantum  in  prescriptions^  but  the 
former  is  always  understood,  and  the  translation^  whether  both  words 
are  used  or  only  the  latter,  is  invariably  "so  much  as/^ 

Sufficiat  (may  suffice  or  may  be  sufficient),  is  the  third  person 
singular,  subjunctive  mo<xl,  present  tense,  of  the  intransitive  verb 
sufficio,  su^ere^  mffeci,  su^ectum^  third  conjugation,  meaning  to  suf- 
fice or  to  be  sufficient,  and  is  governed  by  quantum  as  its  subject. 

Ad  (to)  is  a  preposition  governing  the  accusative  unciaa, 

Uhcias  (ounces)  is  the  accusative  plural  of  uneiay  a  feminine  noun 
of  the  first  declension,  and  is  governed  by  the  preposition  ad. 

Quatv^or  (four)  is  an  indeclinable  numeral  adjective  and  qualifies 
uneias. 

Mat  (may  be  made  or  let  there  be  made)  is  the  third  person 
singular,  subjunctive  mood,  present  tense,  of  the  irregular  verb 
fio,  fierif  factuSf  meaning  to  be  made  or  done,  and  has  sobUio  for  its 
subject. 

Solutio  (solution)  is  the  nominative  singular  of  solvtio,  a  feminine 
noun  of  the  third  declension,  and  is  the  subject  of  the  verb^^. 


List  of  Abbreviations  and  Terms  ttsed  in  Prescriptions. 


Abbreyiation. 

a  or  aa 

Add.  or  Addat. 

Ad.  libit. 

Aeq. 

Agit  or  Agitet 

Alb. 

Ant, 

Arom. 

Aq. 

Aq.  ball. 

Aq.  ferv. 

Aq.  Saturn. 

Aq.  phaged.  fl. 

Aq.  phased,  nig. 

Aquil.  alb. 

Argill. 

Bacill. 

Bain.  aren. 

Bain.  mar. 

Bain.  Tap. 

Ben» 

B.  or  Bis.  L  d. 

Brev. 

Bull. 

C'serul. 

Calef. 

Cap. 

Cape. 

Caps.  amyl. 

Caps.  gelat.« 

Carbas. 


Term  or  Phrase, 
ana 

Adde  or  addatur 
Ad  libitum 
Aequalis,  ib,  e 
Agita  or  agitetur 
Aibus,  a,  um 
Ante 

Aromaticus,  a,  um 
Aqua 

Aqua  bulliens 
Aqua  fervida 
Aqua  Batumi 
Aqua  phagedenica  flava 
Aqua  phagedenica  nigra 
Aquila  alba 
Argilla 
Bacillum 
Balneum  arenee 
Balneum  maris 
Balneum  vaporis 
Bene 

Bis  in  die 
Brevis,  is,  e 
Bulliat  or  biilliant 
Ceenileus,  a,  um 
Calefactus,  a,  um 
Capiat 
Capsula 

Capsulse  amvlaceae 
C^psulse  gelatinosce 
Carbasus 


Meaning., 
of  each. 

Add  or  let  it  be  added. 
At  pleasure. 
Equal. 

Shake  or  let  it  be  shaken. 
White. 
Before. 
Aromatic. 
Water. 

Boiling  water. 
Hot  water. 
Lead-water. 
Yellow  wash. 
Black  wash. 
Calomel. 
Clay. 
Bougie. 
Sand-bath. 
Saltwater-bath. 
Steam-bath. 
Well. 

Twice  a  day. 
Short. 

Let  it  (or  them)  boil. 
Blue. 
Warmed. 
May  be  taken. 
Capsule. 
Cachets. 

Gelatin  capsules. 
Lint 
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AbbreYiaUon. 
Coen. 
Cer.  or  Gerat 

Chart 

Chartul. 

Ch.  cer.  or  Chart  oerat 

Chart,  pergam. 

Cib. 

Cito  disp. 

Claus. 

Cochl. 

<Jochl.  magn. 

Cochl.  parv. 

Cochl.  mod. 

Col.  or  Colet 

CoUun. 

<:ollut 

Collyr. 

Consp. 

Contus. 

Coq. 

Cong. 

Comp. 

D. 

D.  or  dent  t  d. 

Det  or  dent 
Dec  or  decoct 
De  d.  in  d. 
Dieb.  alt 

Dig. 
Disp. 

Div.  or  divid. 

Dos. 

Elect 

£mp.  or  Empl. 

Erapl.  lytt. 

Empl.  epist 

Empl.  vesic. 

Emuls. 
Emuls.  oleo6. 
Epist  or  Epistom. 
Epist  elast 
Epist  yitr. 

E.  m.  p. 
Ex  aq. 

Ex  qua  form. 

Extend. 
Ext  sup.  cor. 
Ext.  sup.  alut 
Ext  or  Extr. 
Ext.  or  Extr.  fl. 

F.  or  Ft 
F.  1.  a. 

F.  8.  a. 

Ferv. 


Termor  Phrase. 
Coena  or  oena. 
Ceratum  or 

Ceratus,  a,  um 
Charto 
Chartula 
Charta  cerata 
Charta  peigamentoria 
CiboB 

Cito  dis^tensetur. 
Clausus,  a,  um 
Cochlear 

Cochlear  magnum 
Cochlear  parvum 
Cochlear  modicum 
Cola  or  coletur 
Collunarium 
Collutorium 
CoUyrium 


Contunde  or  eontnsiiB 
Coque 
Congius 

ComDOfiitus,  a,  um 
Da,  aetur,  or  dentur 

Da  or  dentur  tales  doses 

Detur  or  dentur 

Decoctnm 

De  die  in  diem 

Diebus  altemis 

Digere  or  digeretur 

Dispensetur  or  dispensentur 

Divide,  dividatur  or 

Dividendus,  a,  um 
Dosis  or  doses 
Electnarium 
Emplastmm 
Emplastrum  lyttse 
Emplastmm  epiitpasticum 
Emplastrum    vesicans    or 

vesicatorium 
Emulsio 
Emnlsio  oleosa 
Epistomium 
Epistomium  elasticom 
Epistomium  vitreum 
Ex  modo  preescripto 
Ex  aqua 
Ex  qua  formentor 

Extende 

Extende  supra  corium 

Extende  supra  alutam 

Extractum 

Extractum  fluidum 

Fiat  or  fiant 

Fiat  lege  artis 

Fiat  secundum  artem 

Fervidus,  a,  nm, 


Ifeaniog. 

Supper. 
Cerate 

Waxed. 
Paper. 
Small  paper. 
Waxed  paper. 
Parchment  paper. 
Food. 

Let  it  be  dispensed  qnicklj. 
Closed,  indoeed 
Spoon. 

A  large  (table)  spooo. 
A  small  (tea)  spoon. 
A  medium  (den^rt)  sjiood. 
Strain  or  let  it  be  gtnmei 
A  nose-wash. 
A  mouth-wasL 
An  ere-wash. 
Dust  or  sprinkle. 
Bruise  or  braised. 
Boil. 
Gallon. 
Compound. 
Give,  it  (or  they)  mtj  be 

given. 
Give  or  let  there  be  gi^en 

such  doses. 
Let  there  be  given. 
Decoction. 
From  dav  to  day. 
Every  other  day. 
Digest  or  it  may  be  digesled. 
I^t  there  be  dispeosed 
Divide  or  it  may  be  dirided. 

To  be  dividd. 
Dose  or  doses. 
Electuary. 
Plaster. 

Blistering  plaster. 
Blistering  plaster. 
Blistering  plaster. 

Emulsion. 
Oil  emulsion. 
Stopper. 
Rubber  stopper. 
Glass  stopper. 
As  directed. 
From  (with)  water. 
From  which  there  may  be 

formed. 
Spread. 

Spread  upon  leather. 
Spread  upon  leather. 
Extract 
Fluid  extract 
Let  there  be  made 
Let  there  be  made  accow- 

ing  to  (by  the  law  of)  an- 
Let  there  be  made  accitfO- 

ing  to  art 
Hot 
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AbbreviatioiL 

FUt 

Flay. 

Fid. 

Frig. 

Garg. 

Om. 

Ort.  or  Qutt 

Ur. 

<;nttat 

Jlaost 

Hot.  somii. 

Inf. 

L.  a. 

Lin.  or  Linim. 

Liq. 

Mac.  or  Macer. 

Levit 

Levit  clans. 

Lilt 

Mag. 

Mass. 

M.  or  Misc. 

M.  bene 

M.  cante 

Mist 

Mod. 

Mic.  pan. 

Mit 

Mit  taL 

Nig. 
No. 

Non-rep. 

•0. 

Obdua 

Obduct 

01. 

Oleoa. 

OIL 

•Oran.  hor. 

Omn.  man. 

•Omn.  noct. 

■Opt 

P.  or  Part. 

P.  or  Part,  acq, 

P.  c,  p.  cib.,  or  post  cib. 

P.  r.'n. 

P.  or  post  prand. 
P.  or  Pulv. 
Par. 

Parv. 

PiJ.  or  PiluL 
Palv.  gross. 
Pulv.  siibt. 
-Q.  L  or  Q.  p. 


Term  or  Phrase. 
Filtra 

Flavus,  a,  um 
FloiduB,  a,  um 
Frigidus,  a,  um 
Gargarisma 
Gramma  or  grammata 
Gntta  or  gutUe 
Granum  or  grana 
Guttatim 
Haustus 
Hora  somnis 
Infunde  or  infusum 
Lege  artis 

Linimentum 

Liquor 

Macera 

Leviter 

Leviter  claususi  a,  am 

Luteus,  a^  um 

Magnus,  a,  um 

Maasa 

Misce  or  misceantur 

Misce  bene 

Misce  caute 

Mistura 

Modicus,  a,  um 

Mica  panis 

Mitte  or  mittatur 

Mi  tie  or  mittantur  tales 

Niger,  nigra,  nigrum 

Numero 

Non-repetatur 

Octarius 

Obduce  or  obducatur 

Obductus,  a,  um 

Oleum 

Oleosus,  a,  um 

011a 

Omni  hora 

Omni  mane 

Omni  nocte 

Optimua,  a,  um 

Pars  or  partes 

Partes  sequales 

Post  cibum 

Pro  re  nata 

Post  prandium 
Pulvis  or  pulveres 
Para,  paretur,  or  paratus 

Parvus,  a,  um 
Pilula  orpilulse 
Pulvis  grossus 
Pulvis  subtil issimus 
Quantum  libet  or  Quantum 

placet 
Quantum    satis.  Quantum 

sufficit,  or  Quantum  suf- 

ficiat 


Meaning. 
Filter. 
Yellow. 
Fluid. 
Cold. 
Gai^le. 

Gramme  or  grammes. 
Drop  or  drojjs. 
Gram  or  grains. 
By  drops. 
Draught. 
At  b^-time. 
Infuse  or  infusion. 
According  to  (by  the  law 

of)  art 
Liniment 
Liquor  or  solution. 
Macerate. 
Lightlj. 

Lightly  or  loosely  closed. 
Gmden  yellow. 
Large. 
Mass. 

Mix  or  let  them  be  mixed. 
Mix  well. 
Mix  cautiously. 
Mixture. 
Moderate  (sized). 
Crumb  of  bread. 
Send  or  let  there  be  sent 
Send  or  let  there  be  sent 

such. 
Black. 

By  or  in  number. 
It  is  not  to  be  repeated. 
Pint 

Cover  or  let  it  be  covered. 
Covered,  coated. 
Oil. 

Oily,  made  of  oil. 
Jar. 

Every  hour. 
Every  morning. 
Every  night. 
Best. 

Part  or  parts. 
Equal  parts. 
After  food. 
As     occasion     arises ;     as 

needed  ;    occasionally. 
After  dinner. 
Powder  or  powders. 
Prepare,  let  it  be  prepared, 

or  prepared. 
Small. 
Pill  or  pills. 
Coarse  powder. 
Very  smooth  powder. 
As  much  as  you  please. 

A  sufficient  quantity. 
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Abbreviation. 

Term  or  Phrase. 

Meanliiff. 

R.  or  Becip. 

Recipe 

Take  thou. 

Bept. 
Rub. 

Repetatur 

Let  it  be  repeated. 

Ruber,  rubra,  rubnim 

Red. 

8.  a. 

Secundem  artem 

According  to  art 

8.1. 

Secundem  legem 

According  to  law. 

8.  or  Solv. 

Solve  or  tiolvatur 

Dissolve  or  let  it  be  dis- 
solved. 

Scat. 

Scatula 

Box. 

Sem. 

Semen  or  semina 

Reed. 

8ig. 

Signa  or  signetur 

Mark  (label)  or  let  it  be 
marked  (labeled). 

8iinp. 

Simplex 

Simple. 

Sing. 

Singulorum 

Of  each. 

Sol.  or  Solut 

Solutio 

Solution. 

Spifls. 

Spifisus,  a,  um 

Hard. 

Supp.  or  Suppos. 

Suppositorium  or 

supposi- 

Suppository  or  Buppodto- 

toria 

ries. 

Sum. 

Sume  or  sumatnr 

Take  or  let  there  be  taken. 

Syr.  or  Syrup. 
Tab. 

Syrupus 

Tabella  or  tabelLe 

! 

Syrup. 

Tablet  or  tablets. 

Tal. 

Talis  or  tales 

Such. 

T.  or  ter  i.  d. 

Ter  in  die 

Three  times  a  day. 

Ter. 

Tere 

Rub  or  triturate. 

Tinct.  or.  Tr. 

Tinctura 

Tincture. 

Troch. 

Trochiscus  or  trochiaci 

Lozenge  or  lozenges. 

Ungt. 

Unguentum 

Ointment 

Ust. 

Ustus,  a,  um 

Burned. 

Utdict 

Ut  dictum 

As  directed. 

Vitr. 

Vitreus,  a,  um,  or 

vitmrn 

Of  glass  or  glass. 

In  addition  to  the  date  usually  marked  on  the  prescription,  it  is 
customary  also  to  place  a  number  thereon,  for  the  purpose  of  ready 
reference  in  case  the  prescription  is  to  be  repeated.  Such  number- 
ing may  be  done  with  pen  and  ink,  but  it  is  preferably  imprinted 
with  a  numbering  machine,  since  the  latter  has  the  great  advantage 
of  obviating  the  danger  of  duplication  of  the  same  number  on  two 
or  more  prescriptions.  In  Fig.  292  is  shown  such  an  automatic 
numbering  machine,  which  can  be  arranged  so  as  to  print  numbers 
in  duplicate  or  triplicate  if  desired  and  then  changes  automatical^ 
after  producing  each  set ;  it  can  be  made  to  print  consecutive  num- 
bers, or  repeat  the  same  number  indefinitely.  The  figures  from 
which  the  machine  prints  are  made  of  steel,  and  are  freshly  inked 
after  each  movement  of  the  machine ;  all  parts  are  interchangeable. 
The  numbering  capacity  ranges  from  1-9999  to  1-9999999,  accord- 
ing to  the  number  of  wheels  with  which  the  machine  is  supplied. 

For  the  preservation  of  prescriptions  various  devices  are  in  D>e. 
Some  pharmacists  simply  file  the  prescriptions  on  a  heavy  steel  wire, 
claiming  that,  as  the  repetitions  are  few  in  number  oomparatively. 
this  plan  is  convenient  and  less  laborious  than  others.  In  some 
stores  the  prescriptions  are  pasted  into  large  scrap-books,  especially 
made  for  that  pur|)ose,  the  leaves  of  which  are  of  heavy  manilla 
paper  and  secured  to  a  wood  back,  the  binding  being  of  stout  can- 
vas. In  Fig.  293  may  be  seen  one  of  the  styles  of  prescription- 
books  which  serves  the  purpose  admirably  of  preserving  the  original 
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prescriptions  intact.  Some  pharmacists  prefer  to  put  the  prescrip> 
tions  up  carefully  in  bundles  of  one  hunared  or  more,  between  thin 
boards,  and  storing  them  in  boxes  in  drawers  of  a  cabinet,  appro- 
priately marked.  Lastly,  a  few  still  follow  the  plan,  at  one  time 
much  in  vogue,  of  copying  the  prescriptions  into  a  book  kept  for 
that  purpose ;  this  plan,  while  do  doubt  convenient  for  reference,  is 
open  to  the  serious  objection  of  possible  errors  made  in  copying,  and 
must  therefore  be  carried  out  with  great  care. 

The  ownership  of  the  prescription  is  still  an  unsettled  question. 
While  some  claim  that  the  prescription  is  simply  an  order  on  the 
pharmacist  from  the  physician,  ana  that  therefore  the  former  is  the 
proper  custodian  of  the  same,  there  are  others  who  insist  that  the 


Bates'  aatomatio  namberlng  macblne.  WhlUH'a  prescription  book, 

prescription  is  but  the  written  advice  of  the  physician  to  his  patient, 
for  which  the  latter  has  paid,  and  to  the  sole  ownership  of  which  he 
has  full  l^al  right,  as  much  so  as  a  client  has  to  the  written  opinion 
of  his  lawyer  whom  he  has  consulted  and  paid.  The  tatter  view 
prevails  in  Germany,  where  prescriptions  are  never  retained  by  the 
pharmacist,  but  invariably  handed  back  to  the  customer  with  the 
medicine,  except  in  cases  where  the  medicine  is  not  paid  for  at  the 
time  of  delivery,  the  prescription  being  held  until  payment  is  made 
and  then  returned.  As  a  rule,  the  original  prescription  is  retained 
by  the  pharmacist  in  this  country,  who,  however,  rarely  refuses  to 
give  a  copy  to  the  customer  if  the  same  is  asked  for;  this  plan  seems 
most  desirable,  as  it  leaves  in  the  hands  of  the  pharmacist  the  only 
legal  evidence  of  what  the  physician  has  actually  prescribed,  in  case 
a  dispute  should  anse  as  to  the  correct  dispensing  of  the  medicine. 
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Fig.  294. 


The  indiscrimiDate  repetition  of  medicine^  especially  if  the  latter 
be  of  a  potent  or  dangerous  character^  is  to  be  strongly  condemned. 
Serious  results  have  been  known  to  follow  the  unwarranted  repeated 
dispensing  of  medicines  containing  cocaine  hydrochloride,  morphine 
sulphate^  and  similar  dangerous  preparations.  Some  physicians 
severely  criticise  the  repetition  of  any  prescription  without  special 
order,  but  forget  that  the  pharmacist  may  have  no  knowledge  of  the 
physician's  wishes  in  this  respect,  since  a  verbal  order  to  have  the 
medicine  refilled  is  frequently  given  to  the  patient  by  the  physician. 
The  words  ^'  Not  to  be  repeated,^'  placed  at  the  head  of  the  prescrip- 
tion would  prove  an  easy  and  effectual  means  of  preventing  repeti- 
tion without  the  physician's  order,  for  every  respectable  pharmacist 
would  promptly  and  cheerfully  comply  with  such  a  request  In  the 
absence  of  instructions  from  the  physician,  the  request  for  a  copy  of 
a  prescription  by  the  customer,  or  for  repetition  of  any  ordinary 
medicine,  cannot  well  be  refused,  but  judgment  is  necessary  in  order 
that  the  original  prescription  be  not  abused  and  made  to  do  service 
for  a  number  of  outside  persons  who  have  no  claim  upon  it,  whereby 
the  physician  would  be  made  to  suffer  financially. 

In  order  to  guard  against  confusion  and  mistakes  in  the  com- 
pounding and  delivery  of  medicines,  a  check  system  is  in  use  in 

many  stores,  and  is  to  be  highly  com- 
mended. The  best  of  these  is  probably 
the  following :  When  a  prescription  is 
handed  in  by  a  customer,  it  is  at  ooce 
numbered  by  the  person  receiving  it  and 
at  the  same  time  two  checks,  made  of 
pasteboard  and  of  the  size  and  stjle 
shown  in  Fig.  294,  are  stamped  vith 
the  same  number  by  means  of  the  auto- 
matic numbering  machine  mentioned 
above.  One  of  the  checks  is  handed  to 
the  customer  and  the  other  accompanies 
the  prescription  to  the  disnensing- 
counter,  to  be  afterward  attachea  to  the 
bottle,  box,  or  jar  of  medicine  when 
completed.  On  this  second  check  are 
also  marked  the  price  of  the  medicine, 
whether  paid  or  not,  and  such  other  in- 
formation as  may  appear  desirable. 

For  further  detailed  information  re- 
garding the  numerous  and  often  per- 
plexing operations  of  the  dispensing- 
counter,  the  reader  is  referred  to  two 
excellent  books,  containing  much  valu- 
able information,  namely.  The  Art  of  Compoundingj  by  Prof.  W.  L 
Scoville,  of  Boston,  and  The  Art  of  Dispensing,  by  P.  MacEwan, 
Esq.,  of  London,  England  (6th  edit). 
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PART  III. 


PHARMACEUTICAL  CHEMISTRY. 


Although  the  term  phurmaceidical  chemistry  is  objected  to  by 
many  who  rightfully  claim  that  there  can  be  but  one  kind  of  chem- 
istry, the  laws  and  principles  of  which  must  be  the  same  whether 
applied  to  pharmacy,  medicine,  physiology,  or  agriculture,  it  will, 
nevertheless,  be  retained  in  this  book  as  a  convenient  heading  under 
which  to  group  the  many  details  of  composition,  preparation,  and 
examination  of  that  vast  number  of  chemical  compounds  in  almost 
daily  use  by  pharmacists,  and  the  majority  of  which  are  officially 
recognized  in  the  U.  S.  Pharmacopoeia.  The  classification  of  chem- 
ical compounds  with  regard  to  constitution,  etc.,  will,  in  the  main, 
not  be  based  upon  the  views  at  present  accepted  by  chemists,  con- 
cerning which  the  student  of  pharmacy  receives  ample  instruction 
in  his  chemical  lectures,  and  of  which  he  can  find  full  explanation 
in  the  many  excellent  chemical  text-books  of  today  ;  but  a  some- 
what unsystematic  arrangement  will  be  followed,  having  in  view 
more  particularly  the  study  of  official  and  other  chemicals  from  a 
pharmaceutical  standpoint  irrespective  of  their  chemical  relation- 
ship. After  an  experience  of  many  years  this  plan,  being  still  found 
the  most  desirable  for  pharmacists,  is  adherecl  to  in  pharmaceutical 
schools. 

Chemical  compounds  may  be  conveniently  divided  into  those 
usually  designated  as  inorganic  substances  and  those  formerly  known 
as  organic  compounds,  but  to  which  now  the  name  carbon  com- 
pounds is  more  appropriately  applied. 

mOROANIC  SUBSTANCES. 

Of  the  15  elements  which  are  known  as  non-metallic  bodies,  all 
but  6  are  of  pharmaceutical  interest,  either  because  they  are  employed 
extensively  by  physicians  in  their  elementary  state  or  because  they 
form  certain  important  compounds  with  each  other  which  are  offi- 
cially recognized  in  the  Pharmacopoeia ;  such  compounds  only  will 
be  considered  here,  and  these  are  furnished  by  the  following  ele- 
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ments :  hydrogen,  oxygen,  chlorine,  bromine,  iodine,  sulphur,  phos- 
phorus, carbon,  and  boron.  A  very  valuable  class  of  compounds 
formed  by  these  elements  are  the  inorganic  acids,  which  will  be 
treated  in  a  separate  chapter. 

Combinations  of  non-metallic  elements  with  the  metals  are  veir 
properly  classified  as  compounds  of  the  latter,  and  will  be  considered 
in  connection  with  the  salts  and  numerous  other  preparations  of 
the  metals,  officially  recognized.  The  compounds  of  metals  mav  be 
conveniently  considered  according  to  a  system  which  groups  those 
metals  together  the  oxides  of  which  possess  certain  welI-recogni«d 
properties  in  common ;  thus,  metals  of  the  alkalies,  of  the  alkaline 
earths,  of  the  earths  and  heavy  metals. 

Since  very  few  metallic  salts  are  prepared  by  pharmacists,  such 
compounds  will  be  treated  chiefly  with  a  view  of  enabling  the  stu- 
dent to  understand  fully  the  official  requirements  as  regardfs  identity 
and  quality,  detailed  consideration  being  given  mainly  to  those 
compounds  for  the  preparation  of  which  the  Pharmacopoeia  gives 
official  working  formulas. 


CHAPTER   XXXVII. 

HYDROGEN  AND  OXYGEN. 

Neither  hydrogen  nor  oxygen  is  of  pharmaceutical  value  in  its 
uncombined  gaseous  state^  but  Uiey  unite  to  form  two  very  impor- 
tant compounds. 

The  most  important  compound  of  hydrogen  and  oxygen  is  water^ 
which   may   be   looked   upon   chemically  as  hydrogen  monoxide, 
H2O,     The  Pharmacopoeia  recognizes   both  natural  and  distilled 
water,  and  while  in  some  localities  natural  water  may  be  obtained 
remarjcably  free  from  impurities,  the  use  of  distilled  water  is  to  be 
preferred  at  the  dispensing-counter  and  for  the  preparation  of  aro- 
matic waters  and  many  chemical  solutions.     Whde  the  official  limit 
for  the  presence  of  inorganic  impurities,  as  shown  by  the  residue 
upon  evaporation  of  the  water,  is  fixed  at  ^  per  cent.  (0.5  Gm.  in 
1000  Cc.)  for  natural  water,  it  has  been  reduced  to  g^  per  cent. 
(0.050  Gra.  in  1000  Cc.)  for  distilled  water.   Moreover,  the  jPharma- 
copoeia  requires  that  natural  water  mixed  with  10  per  cent,  of  its 
volume  of  diluted  sulphuric  and  0.4  per  cent,  of  y^  potassium  per- 
manganate solution  shall  not  become  completely  decolorized  by  boil- 
ing it  for  10  minutes,  showing  the  limit  ot  organic  and  other  oxidiz- 
abie  substances ;  in  the  ease  of  distilled  water  the  complete  absence 
of  such  oxidizable  matter  is  demanded,  and  while  only  one-fourth  as 
much  potassium  permanganate  solution  is  to  be  added,  the  mixture, 
after  having  been  boiled  for  10  minutes,  should  not  wholly  lose  its* 
pink  color  if  set  aside  in  a  dark  place,  covered,  for  10  hours. 

Hydrogen  dioxide,  HjO,,  first  obtained   in   1818  by  Thenard, 
contains  94  per  cent,  of  oxygen,  and  is  the  richest  oxygen  com- 
pound   known.      It  is  officially  recognized,  in  the  form  of  a  3 
ST    cent,   aqueous    solution,   under   the    name  Aqua  Hydrogenii 
ioxidi. 
The  compound  HjO,  may  be  obtained  from  any  metallic  dioxide 
which  yields  a  portion  of  its  oxygen  to  water  upon  treatment  with 
an  acid.      For  technical    purposes,  sodium    dioxide    is  extensively 
employed,  but  this  method  is  not  suitable  for  medicinal  purposes,  as 
the  resulting  solution  cannot  be  freed  from  the  accompanying  sodium 
sulphate  or  chloride.     The  Pharmacopoeia  no  longer  gives  directions 
for  making  solution  of  hydrogen  dioxide.     That  intended  for  medi- 
cinal use  is  usually  made  from  barium  dioxide,  which  upon  satura- 
tion with   an  acid  readily  gives  up  one-half  of  its  oxygen  to  water 
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to  form  hydrogen  dioxide,  as  shown  by  the  following  eqaation; 
6BaO,  +  6H2O  +  4H3PO4  =  6HA  +  2Ba,(POA  +  6H,0. 

An  important  step  in  the  manufacture  is  the  thorough  hydration 
of  the  barium  dioxide,  in  order  to  insure  rapid  and  complete  satu- 
ration subsequently  with  the  acid ;  experience  has  shown  that  cold 
favors   hydration    of  the    finely  powdered    barium   dioxide,  which 
is  known   to  be  completed  when  the  water  separates  but  slightly 
from   the   resulting   magma.     Phosphoric    acid  has  been  found  to 
produce  a  larger  yield  of  HjOj  than   sulphuric   or  carbonic  acid, 
and  is  even  preferable  to  hydrochloric  acid,  owing  to  the  difficulty  of 
removing  the  free  acid  after  decomposition  of  the  barium  chloride 
formed.     Hydrofluoric  acid  has  also  been  successfully  employed  for 
the  liberation  of  hydrogen  dioxide,  but  its  corrosive  nature  presents 
great  obstacles  to  its  use,  although  the  resulting  barium  fluoride  is 
even  more  insoluble  than   the  phosphate.     The  hydrated  barium 
dioxide  must  be  fully  decomposed  and  saturated  with  acid  to  exact 
neutrality ;  about  96  Cc.  of  phosphoric  acid  diluted  with  320  Cc.  of 
distilled  water  will  be   required  for  300  Gm.  of  barium  dioxide 
hydrated  by  addition  to  500  Cc.  of  cold  distilled  water.    A  portion 
(about  50  Cc.)  of  the  diluted  acid  is  set  aside  as  a  reserve,  and  used 
in  small  quantities  after  all  the  barium  dioxide  mixture  has  been 
added  to  the  remainder  of  the  acid,  until  a  perfectly  neutral  reaction 
is  obtained.     Vigorous  agitation  and  refrigeration  of  the  acid  and 
barium  mixture  are  necessary  to  insure  a  full  yield  of  HjO,.    After 
filtration  of  the  mixture,  an  addition  of  small  quantities  of  diluted 
sulphuric  acid  is  made  to  the  filtrate  for  the  purpose  of  freeing  it 
entirely  from  barium,  a  small  portion  of  which  will  have  entered  into 
solution  as  acid  barium  phosphate  y  the  newly  formed  precipitate  ot 
barium  sulphate  mav  be  removed  bv  filtration  after  addition  of  a 
little  starch.    The  finished  product  contains  a  small  amount  of  pno-- 
phoric  acid,  liberated  from  the  acid  phosphate,  and  a  trace  of  sul- 
phuric acid. 

Solution  of  hydrogen  dioxide  readily  undergoes  spontaneous 
decomposition,  particularly  if  exposed  to  heat  and  sunlight ;  it 
should,  therefore,  be  preserved  in  a  cool,  dark  place,  or  in  amber- 
colored  bottles  which  have  been  not  too  tightly  stoppered,  to  avoid 
explosion  in  ease  of  defective  bottles  and  increased  pressure  cauHnl 
by  accumulation  of  gas.  As  a  preservative,  boroglycerin  has  been 
suggested;  and  when  used  in  the  proportion  of  1  part  in  100  of  the 
solution,  has  been  found  serviceable  in  retarding  decomposition. 
Moderate  heat  is  far  less  injurious  than  daylight ;  and  Dr.  Squibh 
found  that  if  a  temperature  of  60°  C.  (140°  F.)  be  not  exceeiled,a 
60-volume  solution  can  readily  be  obtained  by  concentration  on  a 
water-bath  without  appreciable  loss  of  dioxide;  above  this  tempera- 
ture, however,  decomposition  rapidly  increases. 

The  Pharmacopoeia  requires  that  solution  of  hydrogen  dioxide 
shall  contain  3  per  cent,  by  weight  of  the  pure  dioxide,  which  cor- 
responds to  about  10  volumes  of  available  oxygen.     The  assay  i> 
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made  with  potassium  permanganate,  in  the  presence  of  sulphuric 
acid,  according  to  the  reaction  SHjOj  +  SHgSO^  +  2KMn04  = 
KjSO^  +  2MnS04  +  SH^O  +  bO^.  Only  one-half  of  the  oxygen 
indicated  in  the  equation  is  derived  from  the  hydrogen  dioxide,  the 
other  half  being  furnished  by  the  potassium  permanganate,  which 
fact  must  be  considered  if  the  gas  is  collected  and  measured  in  a 
gas-tube  over  mercury.  The  term  available  oxygen  refers,  there- 
lore,  to  the  volume  of  nascent  oxygen  obtained  directly  from  the 
dioxide,  and  not  to  the  total  volume  liberated  in  the  reaction.  From 
the  above  equation  it  is  seen  that  2  molecules  (813.96  parts)  of  potas- 
sium permanganate  correspond  to  6  molecules  (168.8  parts)  of 
hydrogen  dioxide ;  hence  each  Cc.  of  a  y^  solution  of  the  former  con- 
taining 0.0031396  Gm.  of  KMnO^  must  be  ec^uivalent  to  0.001688 
Gm.  of  HjOj,  or  0.000794  Gm.  of  oxygen  available  therefrom. 

Thus  the  volume  strength  of  any  solution  of  hydrogen  dioxide 

can  be  conveniently  calculated  simultaueously  with  the  percentage 

strength,  without   the   necessity   of    collecting   and  measuring  the 

actual  gas  volume,  by  reckoning  the  weight  of  1  Cc.  of  oxygen  at 

0°  C.  and  760  Mm.  atmospheric  pressure  as  equivalent  to  0.001423 

Gm.  (actually  0.00142298  4 ) ;  then,  dividing  the  weight  of  oxygen 

equivalent  to  1  Cc.  of  y^  KMn04  solution,  0.000794  Gm.  (as  shown 

above),  by  0.001423,  we  obtain  0.56  Cc.  (actually  0.55794)  as  the 

volume  of  oxygen    represented  by  each  Cc,  and  multiplying  the 

number  of  Cc.  y^  KMn04  solution  decolorized  by  1  Cc.  of  HgO, 

solution  by  0.56,  the  volumes  of  available  oxygen  are  indicated  by 

the  product.     If*  10  Cc.  of  solution  of  hydrogen  dioxide  be  diluted 

with   sufficient  water  to  100  Cc,  and  of  this  liquid  16.9  (strictly 

speaking,  16.88)  Cc,  representing  1.69  (1.688)  Cc.  of  the  original 

solution,  be  used  for  the  assay  as  officially  directed,  each  Cc  of  the 

tenth-normal  potassium  permanganate  solution  consumed  corresponds 

to  0.1  per  cent,  of  absolute  HgO,;  the  number  of  Cc  of  potassium 

permanganate  solution  decolorized  in  the  official  assay,  if  multiplied 

by  0.1,  will  therefore  express  the  percentage  of  hydrog-en  dioxide 

present  in  the  sample. 

The  reaction  with  potassium  chromate  and  ether  mentioned  in  the 
Pharmacopceia  depenas  upon  the  formation  of  a  new  compound 
which  forms  a  blue  solution  with  ether ;  it  is  characteristic  of  hydro- 
gen dioxide.  By  some  the  compound  formed  is  considered  to  be 
perchromic  anhydride  (pTJdX  a  substance  analogous  to  permanganic 
anhydride  (Mn^Oy),  while  others  assume  that  it  may  possibly  be  a 
compouiid  of  CrOj  and  13.jd^. 
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CHAPTER   XXXVIII. 

CHLORINE,  BROMINE,  AND  IODINE. 

Ohlorine  in  its  elementary  state  is  used  by  physicians  iu  the 
form  of  an  aqueous  solution^  which  in  the  present  Phamiacopffiia  b 
recognized  under  the  name  Liquor  Chlori  Compositus  (Compouud 
Solution  of  Chlorine)  and  for  the  preparation  of  which  an  official 
formula  is  given.  It  is  defined  to  be  a  solution  containing,  \s\\^tJ\ 
freshly  prepared,  about  0.4  per  cent,  of  chlorine,  with  some  oiiiIt> 
of  chlorine  and  potassium  chloride.  Although  the  Phannacopoeia 
includes  the  name  chlorine  water  among  the  official  English  title^ 
of  this  preparation,  the  latter  by  no  means  corresponds  to  the  chlorint 
water  of  foreign  and  former  United  States  Pharmacopoeias,  and 
should  not  be  used  when  chlorine  water  is  intended  as  a  chemical 
reagent. 

Compound  solution  of  chlorine  is  intended  for  internal  admbb- 
tration  of  chlorine,  and  the  official  formula  makes  the  exteropon- 
neons  preparation  of  the  solution  an  easy  task.  When  moderated 
dilute  hydrochloric  acid  is  allowed  to  act  upon  potassium  chlorate. 
as  directed  in  the  official  process,  a  greenish-yellow  gas  is  formed. 
which  has  bee.n  called  euchlorine,  and  is  a  mixture  of  chlorine  and 
chlorine  dioxide.  The  reaction  occurring  may  be  shown  by  the  fol- 
lowing equation :  2KCIO3  +  4HC1  =  2Ka  +  2H,0  4-  2C1().>  (L 
Care  is  necessary  in  adding  the  distilled  water  in  divided  portion?, 
to  guard  against  the  loss  of  chlorine  gas  when  inserting  the  stopper 
prior  to  agitating  the  flask.  The  finished  solution  is  a  liquid  <>i 
almost  golden-yellow  color  and  a  strong  chlorine  odor.  It  retain? 
its  color  for  some  time,  and  should  be  preserved  in  small  wdl-fiH*^ 
bottles,  well-stoppered  and  paraffined,  and  kept  in  a  dark  place. 

If  pure  chlorine  water  is  wanted  for  use  in  chemical  operation* 
or  otherwise,  it  may  be  prepared  by  heating  pure  hydrochloric  nvk, 
moderately  diluted  with  water,  in  a  flask  with  an  excess  of  math 
ganese  dioxide  in  lumps  of  about  the  size  of  filberts,  the  gas  evolvr^i 
being  passed  through  a  small  quantity  of  water  contained  in  a  wa4 
bottle  and  then  into  a  larger  volume  of  distilled  water  kept  at  a 
temperature  not  above  10°  C.  (50°  F.)  until  a  saturated  solution  i- 
obtained.  The  object  of  previously  washing  the  gas  is  to  rem<  V'^ 
any  hydrochloric  acid  vapors  that  may  have  escaped  along  with  il^^ 
chlorine.  Such  chlorine  water  deteriorates  rapidly  when  exp^j^^^J  t ' 
air  and  light,  but  can  be  preserved  for  a  considerable  time  if  M' 
in  small  bottles,  well-filled  and  tightly  stoppered  and  paraffineJ.  i^ 
a  cool,  dark  place. 
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When  preparing  chlorine-water,  sulphurous  acid,  and  similar 
solutions,  it  may  happen  that,  owing  to  cessation  or  interruption  of 
the  gas-flow,  a  partial  vacuum  is  produced  in  the  generating  flask, 
and,  as  a  consequence,  liquid  from  the  wash-bottle  is  drawn  over 
into  the  flask,  and,  coming  in  contact  with  the  heated  glass,  will 
cause  a  fracture.  This  may  be  avoided  either  by  using  a  safety- 
tiihe  or  by  disconnecting  the  flask  from  the  wash-bottle  as  soon  as 
gas-bubbles  cease  to  pass  over. 

Bromine  is  employed  in  its  free  state  as  an  antiseptic  and  disin- 
fectant, and  is  occasionally  used  internally  as  an  alterative.  It  is 
a  heavy,  dark  brownish-red  liquid,  which  even  at  oixlinary  tempera- 
tures evolves  a  highly  irritating  vapor ;  hence  considerable  care  is 
necessary  in  handling  bromine.  A  vial  of  bromine  should  be  well 
cooled  before  opening,  especially  in  warm  weather,  to  avoid  acci- 
dents; and  if  large  quantities  are  to  be  used,  as  in  the  manufacture 
of  syrup  of  ferrous  bromide  and  similar  preparations,  it  is  best  to 
open  the  vial  under  ice-water.  Contact  of  bromine  or  its  vapor 
with  metallic  surfaces  must  be  carefully  avoided. 

The  manufacture  of  bromine  has  rapidly  increased  during  the 
last  thirty-five  years,  and  immense  quantities  of  it  are  now  produced 
in  this  country.     It  occurs  in  nature,  in  aqueous  solution,  combined 
with  sodium,  magnesium,  and  calcium,  ana  is  present  in  sea-water 
to  the  extent  of  about  j^  of  I  per  cent.     The  commercial  sources 
of  bromine  are  the  motlier-Iiqnors  left  after  the  crystallization  of 
sodium  chloride  at  the  salt  wells  of  Ohio,  Pennsylvania,  West  Vir- 
ginia,  and   Michigan,  in  this  country,  and  near  Stassfurt,  in  Ger- 
many.    Since  the  bromides  are  far  more  soluble  than  the  chlorides, 
the  former  remain   in  solution  in  the  mother-liquors,  to  which  the 
name  bittern  is  given  in  this  country.     The  bittern  is  concentrated 
until  a  density  of  about  1.45  is  reached,  which  facilitates  the  further 
removal  of  chlorides  and  sulphates,  then  transferred  to  stoneware 
stills,  where  a  mixture  of  sulphuric  acid  and  manganese  dioxide  is 
acfded,  which,  with  the  aid  of  heat,  liberates  the  bromine  according 
to   the  following  reaction  :     MgBrj  +  MnOj  +  2H2SO4  =  Br,  + 
MgSO^  +  MnSO^  +  2H2O.     The  bromine  vapor  is  condensed  in 
well-cooled  receivers  and  freed  from  water  by  distillation  over  cal- 
cium chloride. 

Bromine  is  soluble  in  28  parts  of  water  at  25°  C.  (77°  F.),  but 
its  solubility  is  materially  increased  by  the  presence  of  potassium 
bromide.  The  Pharmacopoeia  directs  bromine  water,  for  use  as  a 
tci^t-solution,  to  be  made  by  dissolving  1  Cc.  of  bromine  in  sufficient 
ivater  to  make  100  Cc.  of  solution.  It  changes  readily,  but  is  more 
permanent  than  chlorine  water,  and  should  be  kept  in  a  dark  place. 
It  IS  difficult  to  obtain  bromine  entirely  free  from  chlorine,  the 
ilan  usually  followed  being  distillation  with  a  bromide,  whereby  the 
■orresponding  chloride  is  formed  and  bromine  set  free.  The  Phar- 
nacopoeia  demands  that  bromine  shall  contain  not  more  than  3  per 
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cent,  of  impurities,  but  no  method  is  given  for  ascertaining  Uic  per- 
centage of  actual  purity.  The  chief  impurity,  as  stated  above,  is 
chlorine,  and  the  equation  Ba  +  CI,  =  BaCl^  shows  that  2  atoms  or 
70.36  Gm.  of  chlorine  are  capable  of  forming  1  molecule  or  206.76 
Gm.  of  anhydrous  barium  chloride ;  hence  1  Gm.  of  chlorine  will  form 
2.938  +  Gm.  of  the  salt,  or  0.01  Gm.  will  form  0.0294  (actually 
0.02938  +)  Gm.  Advantage  may  be  taken  of  this  fact  in  deter- 
mining the  exact  amount  of  chlorine  in  any  sample  of  bromine  by 
the  following  method:  Mix  1  Gm.  of  bromine  with  10  Cc. of  (ii>- 
tilled  water,  adding  sufficient  ammonia  water  to  produce  a  clear 
solution,  then  digest  with  barium  carbonate,  filter,  evaporate  the 
filtrate  to  dryness,  and  gently  ignite  the  saline  residue.  The  latter 
should  be  soluble  in  absolute  alcohol,  and  everj'  0.0294  Gm.  of 
insoluble  residue  will  indicate  1  per  cent,  of  chlorine,  barium 
chloride  being  insoluble,  while  the  bromide  is  soluble  in  absolute 
alcohol. 

Bromoform  and  other  organic  impurities  may  be  present  and  are 
derived  in  part  at  least  from  the  luting  and  fastenings  of  the  stills: 
their  absence  is  indicated  by  adding  bromine  to  an  excess  of  pota:- 
slum  hydroxide  solution,  when  a  permanently  clear  solution  should 
result  without  the  separation  of  oily  drops.  Iodine  is  rarely  present, 
but,  if  so,  will  be  liberated  by  ferric  chloride,  if  the  latter  be  addini 
to  a  solution  of  bromine  previously  shaken  with  reduced  iron  nnul 
nearly  colorless,  and  may  be  detected  with  the  aid  of  starch ;  the 
reaction  is  as  follows :  Felj  +  2FeCls  =  SFeCl,  -f  Ij. 

Bromine  has  been  found  an  efficient  antidote  to  the  poison  of  the 
rattlesnake,  and  the  following  formula  for  Bibron?s  Antidote  is  take  a 
from  Parrish's  Pharmacy,  published  in  1884 :  Dissolve  5  drachm- 
(300  grains)  of  bromine  in  6  fluidounces  of  diluted  alcohol  and  4 
grains  of  potassium  iodide  and  2  grains  of  mercuric  chloride  in  \\ 
fluidounces  of  diluted  alcohol ;  mix  the  two  solutions.  Dose :  1'-* 
drops  in  a  tablespoonful  of  brandy,  to  be  repeated  as  required. 

Iodine  is  more  extensively  employed  in  its  elementary  state  than 
any  other  element,  both  internally  and  externally.  It  wasformerk 
derived  solely  from  the  ashes  of  sea-plants,  particularly  of  certab 
species  of  Laminaria.  These  ashes  are  known  on  the  coast  of  Sc»v.- 
land,  where  at  one  time  the  chief  iodine  manufactories  were  located, 
as  kelpy  in  Norway  as  varecy  and  in  S()ain  as  barilla;  they  coma :: 
iodine  in  the  form  of  alkaU  iodides,  Nal  and  Kl.  After  treatmen: 
with  water  the  chlorides,  carbonates,  and  sulphates  pi>esent  anr 
removed  by  evaporation  of  the  solution  and  crystallization  ;  >*-  • 
phuric  acid  is  then  added  to  decompose  sulphides  and  other  >- • 
phur  compounds ;  to  the  acid  liquid,  manganese  dioxide  is  adtie»l 
and  the  mixture  is  heated.  The  iodine,  volatilizing,  passes  in!*^ 
suitable  condensing  flasks  and  sublimes,  a  reaction  similar  to  tb 
stated  under  chlorine" and  bromine  taking  place. 

At   present   vast   quantities   of  iodine  are   obtained    in   Sc»ur. 
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America  from  the  mother-liquors  of  the  so-called  Chili  saltpetre, 
s^odium  nitrate^  which  contains  iodine  in  the  form  of  sodium  iodate. 
Tlie  iodine  is  obtained  either  by  direct  precipitation  with  sodinm 
bisulphite  and  sulphur  dioxide  or  by  sublimation,  after  addition  of 
luaDganese  dioxide  and  sulphuric  acid  to  cuprous  iodide,  which  has 
been  previously  precipitated  from  a  solution  of  sodium  iodide  by 
<?upric  and  ferrous  sulphates.  The  chemical  reactions  involved  in 
these  two  processes  can  be  seen  from  the  following  equations : 
By  direct  precipitation  : 

2NaI0,  +  4NftHSOs  +  80,  =  4NaHS04  +  Na^SO^  +  Ir 

By  sublimation,  from  cuprous  iodide  : 

(1 )  NalO,  +  3NaHS0,  =  SNaHSO*  +  Nal. 

(2)  2NaI  -f-  2CuSO^  +  2FeS04  =  Cu,I,  +  Na^,  -f  Fe,(S0,)8. 

(3)  CujI,  4-   2MnO, -f  4H^04  =  2CUSO4 -h  2MnS04  +  I, -f  4H,0. 

The  crude  iodine  thus  obtained  is  freed  from  moisture  and  puri- 
fied by  resublimation.     Commercial  iodine  may  contain,  as  impuri- 
ties, cyanogen,  chlorine,  and  bromine,  present  as  CNI,  IClj,  and 
I  Br.     The  Pharmacopoeia  demands  the  absence  of  iodine  cyanide, 
which  is  a  very  poisonous  compound,  and  limits  the  amount  of 
chlorine  and  bromine.     In  the  official  test  for  iodine  cyanide,  a  fur- 
ther addition  of  a  drop  of  ferric  chloride  test-solution,  made  before 
adding  the  sodium  hydroxide  solution,  would  render  the  reaction 
more  intense,  as  it  depends  upon  the  formation  of  ferric  ferrocyan- 
ide,  Fe^fFeCgNg),,  which,  if  present  in  sufficient  quantity,  will  settle 
as  a  blue  precipitate,  otherwise  only  a  blue  color  is  imparted  to  the 
liquid.     The  omcial  limit-test  for  chlorine  and  bromine  depends  upon 
the  greater  solubility  of  silver  chloride  and  bromide  in  ammonia 
water  and  their  subsequent  precipitation  upon  the  addition  of  nitric 
acid. 

The  Pharmacopoeia  requires  99  per  cent,  purity  for  iodine,  which 
is  volumetrically  determined  with  ^  sodium  thiosulphate  solution, 
eacii  Cc.  of  which  corresponds  to  0.01259  Gm.  of  iodine.     If  0.50 
Gm.  of  iodine  be  used  for  the  valuation,  as  directed  in  the  Pharma- 
copoeia,   39.32  Cc.  of  the  thiosulphate  solution  will  be  required  to 
<k»fc)lorize  the  liquid  completely ;  for  99  per  cent,  of  0.50  is  equal  to 
O.4950,  and  0.4950  divided  by  0.01259  yields  39.31  +.     The  exact 
]K»rcentage  of  purity  may  be  ascertained  by  multiplying  the  number 
of  Cc.  of  tenth-normal  sodium  thiosulphate  solution  consumed  by 
1.259  (0.01259  X  100)  and  dividing  the  product  by  the  weight  of 
iixline  used  in  the  test.     The  reaction  involved  may  be  explained  by 
the  folloviring  equation,  2  (NajSjO,  +  SH^O)  +  I,  =  2NaI  -f  Na^S^ 
—  lOHjO,  sodium  iodide  aud  sodium   tetrathionate  being   formed, 
lx>th  of  "which  yield  colorless  solutions. 

One  solid  and  two  liquid  preparations  containing  iodine  in  a  free 
-tate  are  recognized  in  the  Pharmacopoeia,  nanrely :  an  alcoholic  solu- 
:ion  designated  as  tincture  of  iodine,  containing  7  Gm.  of  iodine  and 
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6  Gm.  of  potassium  iodide  in  100  Cc. ;  an  aqueoas  solution  k&oin 
as  Lugol's  Solution,  containing  5  yter  cent,  by  weight  ^f  iodiDebeld 
in  solution  by  twice  its  weight  of  potassium  iodide ;  and  an  oint- 
ment containing  4  per  cent.,  by  weight,  of  iodine.  The  amount  of 
iodine  present  in  any  sample  of  the  tincture  or  compound  solutioD 
can  be  readily  determined  by  titration  with  sodium  thiosulphate. 

Three  other  liquid  preparations  of  iodine  are  used  by  physi- 
cians, known  respectively  as  Churchill's  iodine  caustic,  Churdiiffs 
tincture  of  iodine,  and  decolorized  tincture  of  iodine ;  formulae  for 
the  three  solutions  are  given  in  the  National  Formulary.   Thefe- 
named  consists  of  iodine  25  Gm.,  potassium  iodide  50  Gm.,  water 
100  Cc. ;  the  second-named  contains  in  100  Cc.  iodine  16.5  Gm., 
potassium  iodide  3.3  Gm.,  water  25  Cc.,  and  sufficient  alcohol  to 
make  the  prescribed  volume.     Decolorized  tincture  of  iodine  is  not 
a  solution  of  iodine  at  all,  the  name  being  misapplied ;  the  finished 
colorless  product  contains  sodium  iodide,  sodium  tetrathionate,  and 
ammonium  iodide,  formed  by  reaction  between  iodine,  sodium  thit>- 
sulphate,  and  ammonia  water.      The  preparation  in  a  short  time 
acquires  a  disagreeable  alliaceous  odor  and  deposits  crystals  of  sodium 
tetrathionate,  which  may  be  removed  by  filtration. 

Iodine  forms  with  hydrogen  an  important  compound,  hydrioiic 
acid,  which  in  the  form  of  a  diluted  solution  is  recognized  in  the 
PharmacoiHBia,  and  from  which  in  turn  the  official  syrup  of  hydriodic 
acid  is  made.  The  former  solution  is  of  10  per  cent,  acid  strength 
and  the  latter  of  1  per  cent,  strength,  which  in  both  cases  is  deter- 
mined volumetrically  by  means  of  j^  silver  nitrate  solution,  as 
explained  under  Diluted  Hydriodic  Acid. 


CHAPTER  XXXIX. 

SULPHUR,  PHOSPHORUS,  CARBON,  AND  BORON. 

Sulphur  is  found  widelj  diffused,  both  in  the  free  state  and  in 
combination.  While  by  far  the  greater  portion  of  sulphur  used  in 
this  country  comes  from  Italy,  it  is  now  also  mined  in  the  States  of 
California,  Nevada,  and  Utah,  a  bed  of  sulphur  2000  feet  square 
and  over  60  feet  thick  existing  in  the  latter  State.  Commercially, 
sulphur  occurs  in  four  varieties,  namely,  that  known  as  stick  or  roll 
sulphur,  chiefly  used  for  fumigation  and  bleaching ;  and  sublimed, 
washed,  and  precipitated  sulphur,  extensively  used  in  medicine. 
Roll  sulphur,  known  also  as  brimstone,  is  prepared  by  heating  the 
crude  sulphur  obtained  from  various  sources,  allowing  impurities  to 
settle  and  pouring  the  fused  sulphur  into  cylindrical  moulds,  in 
which  it  is  allowed  to  congeal. 

Sublimed  Sulphur,  as  its  name  indicates,  is  obtained  by  vaporiz- 
ing sulphur  and  passing  the  vapor  into  l^rge  stone  or  brick  cham- 
bers, the  temperature  of  which  is  not  allowed  to  rise  above  100°  or 
110^  C.  (212°  or  230°  F.),  where  the  sulphur  is  deposited  in  partly 
crystalline  and  partly  amorphous  particles,  known  as  flowers  of 
sulphur.     The  two  varieties  can  be  separated  from  each  other  by 
treatment  with  carbon  disulphide,   which  dissolves  the  crystalline 
but    not  the  amorphous   sulphur.     In   boiling  solutions  of  alkali 
hydroxides  sulphur  is  perfectly  soluble,  forming  such  compounds  as 
alkali  pentasulphide  and  thiosulphate.     Nearly  all  sulphur  is  con- 
taminated with  arsenic,   and    this,  as  arsenic  tersulpnide,   AsjSj, 
together  with  traces  of  selenium  and  some  sulphuric  acid  formed  by 
oxidation,  are  the  usual  impurities  found  in  sublimed  sulphur.     Not 
more  than  0.5  per  cent,  of  fixed  impurities  should  remain  upon 
ignition.     Sublimed  sulphur  shows  an  acid  reaction  when  water  is 
shaken  with  it  and  then  tested  with  blue  litmus  paper. 

Washed  Sulphur  is  recognized  in  the  Pharmacopoeia  as  Sulphur 
Lotum,  and  is  prepared  by  digesting  sublimed  sulphur  with  diluted 
ammonia  water.  This  treatment  removes  any  sulphuric  acid  and 
arsenic  sulphide  present  as  ammonium  sulphate,  arsenite,  and  sulph- 
arsenite,  according  to  the  following  reaction  :  HjS04  +  AsgS,  + 
8XH^OH  =  (NH,)^4  +  (NH,)3As03  +  (NHJ^AsS,  +  5H,0.  The 
mixture  is  subsequently  strained,  and  the  resulting  purified  sulphur 
is  washed  with  cold  water  to  remove  excess  of  ammonia;  it  is 
finally  dried  thoroughly  with  the  aid  of  mcxlerate  heat,  so  as  to  pre- 
vent oxidation.    The  Pharmacopoeia  demands  that  washed  sulphur 
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shall  contain  not  less  than  99.5  per  cent,  of  pure  sulphur,  and  that 
upon  volatilization  or  ignition  it  shall  not  leave  more  than  0.2  per 
cent,  of  residue.  When  shaken  with  water,  the  latter  should  affect 
neither  blue  nor  red  litmus  paper^  showing  the  absence  of  both  acid 
and  ammonia. 

Precipitated  Sulphur,  also  known  as  lac  sulphuris  or  milk  of  sul- 
phur, is  made  from  sublimed   sulphur  by  first  uniting  this  to  an 
alkali  and  then  decomposing  the  resulting  compound  with  an  acid. 
Milk  of  lime  is  preferred  mainlj  on  account  of  its  cheapness;  upon 
boiling  it  with  sulphur  both  pentasulphide  and  thiosulphate  are 
obtained  in  solution,  thus:  12S+  3CaO  =  2CaS4  +  CaSjO,.   The 
Pharmacopoeia  directs  that  hydrochloric  acid  shall  be  added  to  the 
clear  filtrate  until  the  latter  is  nearly  neutralized,  but  still  exhibits 
an  alkaline  reaction ;  this  is  partly  to  avoid  decomposition  of  the 
calcium  thiosulphate,  which  would  yield  sulphur  insoluble  in  carbon 
disulphide  and  in  a  coarser  state  of  division,  and  partly  to  prevent 
the  precipitation  of  any  arsenic  trisulphide,  for,  if  arsenic  bad  been 
present  in   the  sublimed  sulphur,  it  would  have  formed  calcium 
sulpharsenate,  CaaAsjS^,  which  is  soluble  in  the  alkaline  liquid,  but 
is  decomposed  by  acids.     The  official  process  causes  a  decreased  yield 
of  precipitated  sulphur,  but  a  purer  ])roduct,  the  final  reaction  being 
only   between   the  calcium   pentasulphide   and   hydrochloric  acid. 
Sulphuric  acid  is  sometimes  used  in  place  of  hydrochloric  acid,  but 
is   not  permissible,  since   it  would  contaminate  the   sulphur  with 
insoluble  calcium  sulphate,  whereas  hydrochloric  acid  yields  calcium 
chloride,  easily  removable  by  washing. 

Sulphur  forms  two  compounds  with  iodine,  a  monoiodide,  SjL 
and  a  hexiodide,  Slg ;  only  the  former  is  of  interest  to  pharmacists, 
as  it  is  sometimes  used  by  physicians  in  the  form  of  an  ointment. 
It  contains  20  per  cent,  of  sulphur  and  80  per  cent,  of  iodine. 
The  official  directions  for  making  sulphur  iodide  are  very  simple; 
and,  as  union  of  the  two  elements  takes  place  at  a  moderately 
elevated  temperature,  loss  of  iodine  can  be  easily  avoided.  The  c^mi- 
pound  must  be  preserved  in  well-stoppered  vials,  as  it  readily  dec^^m- 
poses  when  exposed  to  the  air  ;  the  union  is  not  a  very  strong  one, 
as  boiling  water  is  capable  of  abstracting  all  the  iodine  from  the 
compound. 

Phosphorus  occurs  in  nature  chiefly  as  calcium  phosphate,  whioh 
makes  up  the  structure  of  bone  and  is  found  as  extensive  mineral 
deposits.  Pure  phosphorus  is  obtained  by  distilling  calcium  raeta- 
phosphate  with  sand  and  charcoal.  Owing  to  its  great  avidit}' f^r 
oxygen  and  ready  inflammability,  it  must  be  preserved  under  water, 
an  1  care  is  necessary  in  handling  it.  Elementary  phosphorus  i^* 
used  to  a  considerable  extent  in  medicine,  in  the  form  of  the  official 
and  other  pills.  The  elixir  and  spirit  of  phosphorus  are  no  longer 
recognized  in  the  Pharmacopoeia ;  neither  is  phosphorated  oil. 
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Carbon  is  recognized  in  the  Pharmacopoeia  in  the  form  of  wood 
charcoal  and  animal  charcoal ;  the  former  will  be  considered  in  con- 
nection with  the  products  of  woody  fibre  (see  Cellulose).     Animal 
charcoal  is  extensively  employed  as  a  decolorizing  agent  by  manu- 
facturing chemists ;  it  is  prepared  by  roasting  bones  in  iron  cylinders 
imtil  vapors  cease  to  be  given  off ;  the  residuary  charcoal,  mixed 
with  large  proportions  of  inorganic  constituents,  is  known  in  its  crude 
state  as  bone-black.     Meat  and  blood  are  also  made  to  yield  animal 
charcoal  by  a  somewhat  similar  process.     Purified  animal  charcoal 
differs  from  crude  bone-black  in  having  been  repeatedly  treated  with 
boiling  diluted  hydrochloric  acid,  whereby  all  acid-soluble  impuri- 
ties, such  as  calcium  carbonate  and  phosphate,  are  removed.  By  this 
treatment  animal  charcoal  loses  about  80  per  cent,  in  weight,  leav- 
ing a  small  pro})ortion  (4  })er  cent.^  of  siliceous  matter  mixed  with 
the  purified  charcoal.    If  not  completely  carbonized,  animal  charcoal 
will  inopart  color  to  water  if  boiled  with  the  same  in  the  presence  of 
potassium   hydroxide.     The   remarkable  decolorizing  property  of 
animal  charcoal  is  due  to  the  very  fine  state  of  division  of  the  carbon 
and  its  consequent  increased  surface  attraction.  While  crude  animal 
charcoal  is  largely  used  for  neutral  solutions  in  the  arts,  only  the 
purified  article  should  be  employed  for  acid  liquids  or  delicate  chem- 
ical solutions.   So-called  spent  charcoal,  charged  with  organic  matter, 
can  be  regenerated  by  appropriate  heating. 

The  only  preparation  of  carbon  to  be  considered  is  carbon  disul- 
phide,  CS,,  which  is  not  employed  medicinally,  but  is  a  valuable 
solvent  for  caoutchouc,  fats,  and  many  other  substances.     It  is  pre- 
/)ared  by  direct  union  of  charcoal  and  sulphur,  vapors  of  the  latter 
being  passed  over  the  former  heated  to  redness,  and  then  condensed 
in  suitable  receivers.     It  is  freed  from  dissolved  sulphur  by  distilla- 
tion on  a  water-bath,  while  hydrogen  sulphide,  which  is  also  formed, 
is  removed  by  agitation  with  mercury  ;  the  liquid  is  further  rectified 
hy  distillation   with   wax   or   fat,   whereby   certain  offensive   sul- 
phur compounds  are  removed.      When   exposed  to  light,  carbon 
dfeu/phide  assumes  a  yellow  color  and  acquires  a  fetid  odor,  owing 
to  decomposition.     The  Pharmacopoeia  demands  the  absence  of  dis- 
soJved  suiphur,  hydrogen  sulphide,  and  sulphur  dioxide. 

Boron  is  never  used  in  pharmacy  or  medicine  in  its  free  state. 
Its  compound  with  oxygen,  boric  acid,  will  be  considered  in  the 
following  chapter. 


CHAPTER    XL. 

THE  INORGANIC  ACIDS. 

Inorganic  acids^  which  are  exteDsively  employed  by  pharma- 
cists, and  thei'efore  of  great  importance^  are  combinations  of  non- 
metallic  elements  with  hydrogen  and  oxygen,  and  in  a  few  cases  with 
hydrogen  alone.  The  presence  of  hydrogen  lends  to  these  compound* 
their  peculiar  acid  character.  Compounds  with  oxygen  only,  posse?? 
no  acid  properties,  and  are  termed  anhydrides  or  simply  oxide? ; 
they,  however,  unite  chemically  with  water  to  form  well-defined 
acids ;  thus  we  have  sulphurous  and  sulphuric  anhydrides,  SO,  and 
SO3,  known  also  as  sulphur  dioxide  and  trioxide,  which,  combining 
with  water,  vield  sulphurous  and  sulphuric  acids,  as  SOj  +  HjO= 
HjSOj  and  SO3  +  H,0  =  H^SO,  ;  carbon  dioxide,  COj,  in  contact 
with  water,  yields  carbonic  acid,  H2CO3 ;  nitric  anhydride,  or  nitro- 
gen pentoxide,  NjO^,  yields  nitric  acid,  HNO5,  thus  Nj05  +  HjOy 
2HNOs ;  phosphoric  anhydride  or  phosphorus  pentoxide,  P2O5,  vill 
yield  with  water  phosphoric  acid,  HjtO^,  thus  P,^,  -f-  3HjO  - 
2H8PO4,  etc. 

Acids  are  characterized  by  a  sour  taste,  the  property  of  chang- 
ing the  color  of  blue  litmus-paper  to  red,  of  neutralizing  alkalies 
and  of  forming  with  these  and  other  bases  well-defined  salt?. 
The  salts  thus  formed  are  not  always  neutral  compoundN 
which  fact  is  due  to  diflTerent  basicity  of  the  various  acids,  de- 
pending upon  the  number  of  replaceable  hydrogen  atoms  present 
in  the  acid  ;  hence  the  terms  mono-,  di-,  tri-,  and  tetrabasic,  reier- 
ring  to  the  presence  of  1,  2,  3,  or  4  atoms  of  hydrogen,  whieh 
can  be  replaced  by  as  many  basylous  atoms  or  groups,  giving  rise  to 
normal  and  acid  salts.  Normal  salts  are  such  as  are  formed  by  com- 
plete saturation  of  an  acid  by  a  base,  or,  in  other  words,  they  are 
produced  whenever  all  the  replaceable  hydrogen  of  an  acid  i< 
replaced  by  a  base  ;  acid  salts,  on  the  other  hand,  still  retain  a  part 
of  the  replaceable  hydrogen  of  acids,  and  are  the  result  of  impnect 
neutralization  of  an  acid  by  a  base.  (Examples,  KNO,  and  ^a*S04 
are  normal  salts,  while  NaHCOj  and  KH,P04  ^^  ^^id  silts.)  Mon<>- 
basic  acids  never  form  acid  salts.  In  the  pharraaoopceial  cbena- 
ical  formulas  for  acids  the  replaceable  hydrogen  is  stated  first,  hence 
the  basicity  of  the  acid  can  be  seen  at  a  glance ;  thus  hydrochloric, 
hydrobromic,  hypophosphorous,  and  nitric  acids  are  all  monoba^ic, 
sulphurous  and  sulphuric  acids  are  dibasic,  while  boric  and  pb(b- 
phoric  acids  are  tribasic. 

Both   crude  and   purified  acids  are  oflTered  for  sale  by  manu- 
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facturers ;  the  former,  while  suitable  for  many  technical  purposes, 
should  never  be  used  for  pharmaceutical  preparations.  A  very 
important  point  in  connection  with  inorganic  acids  is  the  percentage 
of  absolute  acid  present  in  the  commercial  solutions  sold  under  their 
respective  names.  The  Pharmacopoeia^  in  every  instance,  designates 
the  percentage  strength  of  the  official  acids,  and  pharmacists  should 
insist  on  being  furnished  such  acids  by  manufacturing  chemists ;  the 
designation  C.  P.  (chemically  pure),  placed  on  the  labels  of  acid 
bottles,  is  no  clue  as  to  the  strength  of  the  solution ;  either  the  initials 
U.  S.  P.  or  the  percentage  of  absolute  acid  should  be  stated.  Manu- 
facturing chemists  will  not  be  slow  in  recognizing  the  justice  of  such 
a  demand  if  pharmacists  insist  upon  it ;  otherwise  the  same  uncer- 
tainty as  to  strength  will  continue.  All  working  formulas  of  the 
Pharmacopoeia,  requiring  the  use  of  inorganic  acids,  are  based  upon 
the  assumption  that  acids  of  official  strength  will  be  used.    Absolute 

fmrity  is  not  demanded  for  official  acids,  for,  while  this  is  essential 
or  chemical  reagents,  it  is  considered  unnecessary  for  medicinal  acids, 
and,  if  insisted  upon,  would  greatly  enhance  the  cost  of  the  article 
without  adding  to  the  value  of  the  acid  for  medicinal  or  pharmaceutical 
purposes.  Certain  impurities,  which  it  would  be  difficult  to  remove 
entirely  except  at  considerable  expense,  are  allowed  by  the  Phar- 
macopoeia to  be  present  within  prescribed  limits.  As  diflFerent  acids 
have  different  saturating  powers,  the  official  volumetric  determinations 
are  only  useful  in  fixing  the  strength  of  the  acid  examined,  after  the 
absence  of  other  acids  has  been  proved  by  the  tests  prescribed  for 
that  pnr|)ose. 

Only  such  inorganic  acids  will  be  considered  here  as  are  desig- 
nated in  the  Pharmacopoeia,  and  are  therefore  of  special  interest  to 
the  student  of  pharmacy.  Details  of  the  manufacture  of  the  prin- 
cipal acids  will  not  be  essayed,  as  text-books  on  chemistry  furnish 
all  such  information.  While  there  must  naturally  exist  a  great 
diversity  in  the  strength  of  the  various  so-called  strong  acids,  the 
Pharinacopoeia  has  fixed  the  proportion  of  absolute  acid  in  all  official 
diluted  inorganic  acids  at  10  per  cent.,  with  the  exception  of  diluted 
nitro-hydrochloric  acid.  With  one  exception,  boric  acid,  all  the 
official  inorganic  acids  are  liquid. 

The  following  is  a  list  of  the  official  inorganic  acids : 


English  Name. 

Boric  Acid, 

IMluted  Uydriodic  Acid, 
rHIuted  Hydrobromic  Acid, 
Mydrochloric  Acid, 
Diluted  Hydrochloric  Acid, 
Mypophoephorous  Acid, 
I>iluted  Hypophosphorous  Acid, 
Nitric  Acid, 
IMluted  Nitric  Acid, 
Nitrohydrochloric  Acid, 
IMlutea  Nitroh^drochloric  Acid, 
Phosphoric  Acid, 


Latin  Name. 

Acidum  Boricum. 
Acidum  Hydriodiciun  Dilutum. 
Acidum  Hjdrobromicum  Dilutum. 
Acidum  Hydrochloricum. 
Acidum  Hydrochloricum  Dilutum. 
Acidum  Hypophosphorosum. 
Acidum  Hypophosphorosum  Dilutum. 
Acidum  Nitricum. 
Acidum  Nitricum  Dilutum. 
Acidum  Nitrohydrochloricum. 
Acidum  Nitrohydrochloricum  Dilutum. 
Acidum  Phosphoricum. 
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English  Name.  Latin  Name. 

Diluted  Phosphoric  Acid,  Acidum  Phosphoricum  Dilutnm. 

Sulphuric  Acid,  Acidum  Sulphuricum. 

Aromatic  Sulphuric  Acid,  Acidum  Sulphuricum  Aromaticom. 

Diluted  Sulphuric  Acid,  Acidum  Sulphuricum  Dilutum. 

Sulphurous  Acid,  Acidum  Sulphurosura. 

Boric  Acid.  H3BO3  or  B(0H)3. — ^Boric  acid,  also  known  as 
boracic  acid,  occurs  in  nature  both  in  a  free  and  combined  stale, 
the  free  acid,  in  the  form  of  vapor,  issuing  with  Bteam  from  the 
earth  in  volcanic  regions,  particularly  in  Tuscany,  Italy,  while  the 
combined  acid  is  usually  found  as  sodium  tetraborate  or  borax. 
Medicinal  boric  acid  is  probably  all  obtained  by  decomposition  of 
a  boiling  solution  of  borax  with  hydrochloric  acid,  which  latter  k 
preferable  to  sulphuric  acid,  as  it  can  be  more  readily  removed 
from  the  crystals  of  boric  acid  by  washing;  the  reaction  isa  ven' 
simple  one— (Na^B.Oy  +  lOH^O)  +  2HC1  =  4H3BO3  -f  2NaCl  + 
6H2O.  When  heated,  boric  acid  gradually  loses  water  and  is  con- 
verted into  metaboric  acid,  HBOj ;  with  increasing  temperatare,  into 
tetraboric  acid,  H^B^O^ ;  and,  finally,  above  160°  C.  (320°  F.)  all 
hydrogen  is  eliminated  in  the  form  of  water  and  boron  trioxide 
remains,  thus  2H3BO3  =-  BA  +  SHp. 

The  Pharmacopoeia  requires  the  absence  of  all  impurities  in  boric 
acid  except  traces  of  iron.  Its  chief  characteristics  are  that  it 
imparts  a  green  color  to  the  flame  of  burning  alcohol,  and  that  it 
changes  the  yellow  color  of  turmeric  paper  brown  even  in  the  presence 
of  hydrochloric  acid. 


Diluted  Hydriodic  Acid. — An  aqueous  solution  containing  not 
less  than  10  per  cent,  of  absolute  hydriodic  acid  and  about  0.63  per 
cent,  of  hypophosphorous  acid.  It  may  be  conveniently  prepared 
by  the  official  formula,  which  involves  the  decomposition  of  potas- 
sium iodide  and  hypophosphite  by  means  of  tartaric  acid  in  hydn>- 
alcoholic  solution.  The  reaction  is  shown  by  the  following  equa- 
tion :  KI  +  KPHA  +  2HAHA  =  HI  +  HPHA  +  2KHCr 
H.Og,  from  which  it  will  be  seen  that  164.76  parts  of  potassium 
iodide  will  yield  126.9  parts  of  hydriodic  acid,  and  103.39  parts 
of  potassium  hypophosphite  will  yield  65.53  parts  of  hypophosphor- 
ous acid ;  hence  the  quantity  of  these  salts  directed  in  the  official 
formula,  135  Gm.  of  the  iodide  and  10  Gm.  of  the  hypophosphite, 
will  yield  100  Gm.  and  6.338  Gm.  of  hydriodic  acid  and  hypophos- 
phorous acid  respectively.  The  use  of  alcohol  in  the  process  mate- 
rially aids  in  the  precipitation  of  the  newly  formed  acid  potassium 
tartrate,  as  does  also  the  application  of  cold,  the  PharmaooiKett. 
allowing  not  more  than  8.3  per  cent,  of  residue  if  the  diluted  acid  be 
evaporated  to  dryness.  Upon  evaporation  of  the  filtrate  for  removal 
of  the  alcohol  it  assumes  a  yellowish  color  when  concentrated,  but 
no  iodine  is  liberated,  and  the  liquid  again  becomes  colorless  when 
diluted  with  distilled  water. 
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la  the  official  assay  all  the  hydriodic  acid  present  is  precipitated 
by  Yjf  silver  nitrate  solution  added  in  excess,  which  excess  is  deter- 
mined by  subsequent  titration  with  jj^  potassium  sulphocyanate 
solution  in  the  presence  of  some  nitric  acid,  ferric  ammonium  sul- 
phate being  used  as  an  indicator.  Since  each  Cc.  of  the  silver  solu- 
tion, containing  0.016869  Gm.  of  silver  nitrate,  is  capable  of  pre- 
cipitating 0.01269  Gm.  of  hydriodic  acid,  as  shown  by  the  equation 
AgN03  +  HI  =  Agl  +  HNO3,  it  will  represent  J  per  cent,  of  the 
2.54  Gm.  of  diluted  acid  used  for  the  assay,  and  20  Cc.  will  be 
necessary  to  show  the  required  10  pfer  cent.  The  addition  of  nitric 
acid  is  made  to  prevent  the  discoloration  of  the  liquid  by  the  indi- 
cator. The  latter  shows  a  permanent  reddish-brown  color  of  ferric 
sulphocyanate  immediately  when  all  excess  of  silver  nitrate  has  been 
precipitated  as  silver  sulphocyanate. 

Solutions  of  hydriodic  acid  decompose  readily,  especially  when 
exposed  to  light,  but  such  change  is  obviated  by  the  presence  of 
small  quantities  of  hypophosphorous  acid.  In  the  author^  s  expe- 
rience diluted  hydriodic  acid  made  by  the  official  method  has  kept 
perfectly  for  over  six  months  in  diffused  light. 

Diluted  Hydrobromic  Acid. — An  aqueous  solution  containing 
10  per  cent,  by  weight  of  absolute  HBr.     Pure  hydrobromic  acid  is 
a  gaseous  com{K)und,  and  is  rather  unstable.     The  medicinal  acid  is 
prepared   by  manufacturers  usually  of  two  strengths,  34  per  cent, 
and  10  per  cent.,  the  former  being  the  more  economical  article  to 
purchase,  as  the  requisite  proportion  of  water  to  reduce  it  to  the 
official  acid  can  be  easily  added  by  the  pharmacist,  10  Gm.  of  34 
per  cent,  acid  mixed  with  24  Gm.  of  distilled  water  yielding  34  Gm. 
of  10  per  cent.  acid.     Hydrobromic  acid  can  be  obtained  in  several 
ways,  but  is  usually  made  on  a  large  scale  by  a  method  first  sug- 
gested by  Dr.  Squibb.     Moderately  diluted  sulphuric  acid  is  poured 
slowly,  and  with  constant  stirring,  into  a  hot  saturated  solution  of 
potassium  bromide,  when  the  following  decomposition  takes  place : 
2KBr  +  HjSO^  =  3HBr  +   KjSO, ;  after  twenty-four  hours  the 
potassium  sulphate  has  crystallized  out,  the  solution  of  hydrobromic 
acid  IS  poured  off,  and  the  crystals  are  slowly  washed  with   ice-cold 
water  to  recover  adhering  acid.     Finally,  the  acid   liquid   is   dis- 
tilled   in   a  glass   retort  on  a   sand-bath  nearly  to   dryness.     Its 
strength  is  ascertained  by  titration  with  normal  potassium  hydroxide 
solution,  and  sufficient  water  added  to  produce  either  a  34  or  JO  per 
cent,  solution  as  desired. 

For  preparing  small  quantities  of  the  official  acid,  the  precipita- 
tion methods  of  Wade  and  Fothergill  may  be  employed,  which  are 
based  on  the  decomposition  of  potassium  bromide  with  tartaric  acid ; 
thus  KBr  +  HjC.HA  =  HBr  +  KHC.H.Og.  1 1.9  Gm.  of  i)otas- 
sium  bromide  and  15  Gm.  of  tartaric  acid  are  each  dissolved  in  30 
Cc.  of  cold  distilled  water ;  the  acid  solution  is  poured  into  the  saline 
solution,  and  the  mixture,  after  having  been  well  shaken  for  five  or 
ten  minutes,  is  placed  in  ice-water  or  an  ice-chest  for  twenty-four  or 
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thirty-six  hours ;  it  is  then  filtered,  and  the  vessel  and  filter  carefully 
washed  with  ice-water  until  the  filtered  liquid  weighs  81  Gm,  A 
small  quantity  of  acid  potassium  tartrate  is  likely  to  remain  in  the 
diluted  acid  prepared  by  this  method. 

The  official  acid  has  a  specific  gravity  of  about  1.076  at25®C. 
(77°  F.).     The  Pharmacopoeia  excludes  all  impurities  except  slight 
traces  of  hydrochloric  acid  and  chlorides,  and  directs  that  8.04  Gm. 
of  the  official  diluted  acid  shall  be  neutralized  exactly  with  ammonia 
water  and  then  titrated  with  y^  AgNOs  solution,  using  potassium 
chromate  as  indicator;  not  less  than  10  Cc.  of  the  silver  golution 
shall  be  required  to  impart  a  permanent  red  tint  to  the  liquid.  All 
hydrobromic  acid   present  is  precipitated  as  silver  bromide,  after 
which  silver  chromate  of  blood-red  color  is  formed,  which  is  soluble 
in  acid  as  well  as  alkaline  liquids,  and  hence  the  necessity  of  exactly 
neutralizing  the  diluted  acid.     Each  Cc.  of  the  silver  solution  k 
capable  of  precipitating  0.008036  Gm.  of  pure  HBr.,  which  corre- 
sponds to  1  per  cent,  of  the  0.804  Gm.  taken  for  the  assay.  The 
reavson  for  determining  the  hydrobromic  acid  by  precipitation  with 
silver  nitrate,  instead  of  simply  neutralizing  it  with  normal  alkali, 
is  that  hydrobromic  acid  frequently  contains  other  acids,  in  which 
case  the  neutralization  test  would  yield  wrong  results  as  far  as  the 
percentage  of  absolute  hydrobromic  acid  is  concerned. 

Hydrochloric  Acid. — ^This  acid  may  be  prepared  quite  puiebv 
decomposing  sodium  chloride  with  pure  sulphuric  acid  and  con- 
ducting the  gas  into  water.  The  crude  acid  of  commerce  is  often 
obtained  as  a  by-product  in  the  manufacture  of  sodium  or  potar 
sium  carbonates  from  the  respective  chlorides ;  since  sulphates  are 
first  made  in  this  process  by  acting  on  the  chlorides  with  sulphoric 
acid,  the  reactions  are  the  same  in  the  manufacture  of  erode  anJ 

Sure  acid,  and  possibly  occur  in  two  distinct  steps,  namelv:!. 
TaCl  +  HjSO,  =  HCl  +  NaHSO,.  2.  NaCl  +  NaHSO,  =  HCl; 
NajSO^.  The  crude  acid  of  commerce,  better  known  as  muriatic 
acid,  is  often  of  a  deep-yellow  color,  owing  to  organic  matter  anJ 
traces  of  iron  in  solution  ;  it  should  not  be  employed  for  pharma- 
ceutical preparations. 

Official  hydrochloric  acid  should  be  free  from  all  impurities 
except  a  bare  trace  of  non- volatile  substances  and  arsenic,  the  lattrr 
derived  in  all  probability  from  the  sulphuric  acid.  It  has  a  speciti« 
gravity  of  about  1.158  at  25°  C.  (77°  JF.),  and  should  contain  3liO 
per  cent,  by  weight  of  absolute  HCl,  which  is  determined  by  titra- 
tion with  normal  KOH  solution.  As  it  is  more  ounveuient  to 
measure  small  quantities  of  strong  hydrochloric  acid,  the  Phannaei»- 
prpia  directs  that  3  Cc.  be  weighed  accurately  in  a  stoppered  weigh- 
ing bottle,  diluted  with  50  Cc.  of  water  and  then  titratai,  roetlivl 
orange  being  used  as  an  indicator.  As  each  Cc.  of  the  normal  alkali 
Bolutiim  is  capable  of  neutralizing  0.03618  Gm.  of  absolute  hydn*- 
chloric  acid,  the  number  of  Cc.  required  in  the  official  assav,  wht-n 
multiplied  by  3.618  (0.03618  X  100)  and  then  divided  by  the  weight 
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of  the  acid  taken,  will  express  the  percentage  of  aoso^ute  acid  pres- 
ent in  the  sample. 

Strong  hydrochloric  acid  usually  causes  white  fumes  when  exposed 
to  the  air,  due  to  the  moisture  in  the  air,  and  if  ammonia  be  present 
whit«  fumes  of  ammonium  chloride  will  also  be  formed. 

Diluted  Hydrochloric  Acid. — It  is  made  from  the  official  acid 
by  mixing  it  with  distilled  water,  in  the  proportion  of  10  parts  of 
the  former  to  21.9  parts  of  the  latter,  by  weight,  or,  as  the  Pharma- 
copoeia gives  it,  100  Gm.  of  the  acid  with  219  Gm.  of  distilled 
water.  This  must  yield  a  liQuid  containing  10  per  cent,  of  absolute 
HCl,  for  the  100  Gm.  of  official  hydrochloric  acid  contain  31.90 
per  cent,  of  HCl,  and  31.90  Gm.  are  equal  to  10  per  cent,  of  319 
Gm.  Diluted  hydrochloric  acid  has  a  specific  gravity  of  about  1.049 
at  25°  C.  (77°  F.),  and  corresponds  in  all  its  properties,  reactions, 
and  test«  to  the  official  stronger  acid,  except  that  it  is  odorless  and 
produces  no  fumes  when  exposed  to  the  air,  and  that  3.62  Gm. 
require  only  10  Cc.  of  normal  KOH  solution  of  neutralization. 

H]rpopll08phoroas  Acid. — The  official  acid  liquid  recognized 
under  this  name  is  an  aqueous  solution  containing  30  per  cent,  of 
absolute  hypophosphorous  acid.     It  may  be  prepared  by  decom- 

Eosing  a  solution  of  calcium  hyphophosphite  witn  oxalic  acid,  or 
y  the   method  given  in  the  National  Formulary^  which  consists 
in  mixing  a   strong  aqueous  solution  of  potassium   hypophosphite 
with   a   hydroalcoholic  solution    of   tartaric    acid.     The  equation 
KPHjOj  -h  HjC^.H.Oc  =  HPHjO,  -f  KHC^H.Oc  shows  that  one 
molecule  or  103.39  parts  of  absolute  (or  105.4  parts  of  the  official 
98  per  cent.)  potassium  hypophosphite  will  yield  one  molecule  or 
65.53  parts  of  absolute  hypophosphorous  acid,  and  hence  to  make 
100  Gm.  of  the  30  per  cent,  acid  will  re(|uire  48.3  Gm.  of  the  offi- 
cial potassium  salt  and  68.2  Gm.  of  tartaric  acid,  the  former  being 
dissolved  in  50  Cc.  of  distilled  water,  and  the  latter  in  100  Cc.  of 
diluted  alcohol.    The  mixture  is  well  shaken  and  placed  in  an  ice-bath 
for  several  hours  and  then  filtered,  the  precipitated  acid  potassium 
tartrate  being  well  washed  with  diluted  alcohol.     After  concentration 
of  the  filtrate  and  washings  to  remove  the  alcohol,  sufficient  distilled 
water  is  added  to  bring  the  weight  of  the  cold  liquid  up  to  100  Gm. 
Official  hypophosphorous  acid  is  a  colorless  liquid  having  a  spe- 
cific gravity  of  1.130  at  25°  C.  (77*^  F.).   Its  strength  is  determined 
bv  titration  with  normal  potassium  hydroxide  solution,  each  Cc.  of 
which    corresponds   to   0.06553  Gm.  of  the  absolute  acid,  methyl 
orange  being  used  as  an  indicator.     If  10  Gm.  of  hypophosphorous 
acid  be  diluted  with  water  to  measure  100  Cc.  and  then  65.5  Cc.  of 
this  solution,  representing  6.55  Gm.  of  the  original  acid,  be  titrated, 
not  less  than  30  Cc.  of  normal  alkali  solution  should  be  required 
for  neutralization,  showing  30  per  cent,  of  absolute  acid,  each  <Jc.  of 
the  alkali  solution  corresponding  to  1  per  cent,  of  the  acid. 

This  stronger  acid  is  used  almost  entirely  for  manufacturing  pur- 
poses and  for  the  preparation  of  the  official  diluted  acid,  and  it  is 
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necessary  to  guard  c^ainst  confusion  of  the  two  liquids.  Manafec- 
turing  chemists  have  also  placed  on  the  market  hypophosphorous 
acid  containing  50  per  cent,  of  the  absolute  acid. 

Diluted  Hypophosphorous  Acid.— This  acid  solution  is  of  only 
one-third  the  strength  of  the  preceding  and  is  directed  by  the  Pbar- 
macopoeia  to  be  made  by  mixing  1  part  by  weight  of  the  30  per  cent. 
hypophosphorous  acid  with  2  parts  by  weight  of  water,  and  will 
then  contain  10  per  cent,  of  absolute  acid.  Its  specific  gravity  is  about 
1.042  at  25''  C.  (77°  F.)  and  it  corresponds  in  all  respects  with  the 
stronger  acid,  except  that,  if  titrated  with  normal  alkali  solution 
exactly  as  stated  above  under  the  stronger  acid,  only  lOCc.  of  the 
alkali  solution  will  be  required  for  neutralization.  The  chief  use  of 
this  acid  in  pharmacy  is  as  a  preservative  in  certain  chemical  solutions 
prone  to  change  by  oxidation,  such  as  diluted  hydriodic  acid,  sjrup 
of  ferrous  iodide,  etc.,  as  it  possesses  strong  reducing  properties. 

Nitric  Acid. — When  potassium  or  sodium  nitrate  is  treated  \vitb 
sulphuric  acid,  nitric  acid  is  liberated,  and  may  be  condensed  in 
suitable  receivers.  The  reaction,  in  the  case  of  potassium  nitrate, 
occurs  as  follows :  KNO3  +  H3SO4  =  HNO3  +  KHSO, ;  in  the  case 
of  Chili  saltpetre,  provided  a  sufficient  quantity  of  sodium  nitrate  be 
used,  two  distinct  reactions  may  be  said  to  occur,  namely :  1.  NaNOj-'- 
H2SO,  =  HNO3  +  NaHSO, ;  2.  NaHSO,  +  NaNO,  =  HXO,  - 
NogSO^.  Sodium  nitrate  affords  a  larger  yield  than  potassium 
nitrate,  since  the  acid  sodium  sulphate  reacts  with  the  imdecompoK^ 
nitrate  at  a  much  lower  temperature  than  the  acid  potassium  s=ul- 

f)hate,  the  latter  requiring  a  temperature  at  which  the  nitric  acid  is 
ikely  to  be  decomposed. 

The  Pharmacopoeia  demands  absolute  purity  for  nitric  acid.  If 
exposed  to  sunlight,  the  acid  soon  undergoes  decomposition,  a  red 
color  being  imparted  to  the  liquid,  due  to  the  formation  of  nitngen 
tetroxide,  NjO^;  hence  the  acid  must  be  kept  in  a  dark  place,  ^'it^ic 
acid  of  different  strengths  is  placed  upon  the  market  by  manufactur- 
ing chemists,  ranging  from  1.21  to  1.50  specific  gravity;  hence  care 
is  necessary  to  obtain  the  only  kind  recognized  by  the  Pharmaco{«ia. 
which  contains  68  per  cent,  of  absolute  HNO3  and  has  a  spt^ific 
gravity  of  1.403  at  25°  C.  (77°  F.),  otherwise  considerable  annc«^- 
ance  may  be  experienced  when  nitric  acid  is  to  be  used  as  an  oxidii- 
ing  agent  in  any  of  the  official  preparations. 

Nitric  acid,  being  the  most  corrosive  of  the  official  acids,  requires 
care  in  handling ;  in  contact  with  the  skin,  it  acts  chemically  on  ih'' 
same  and  produces  a  deep-yellow  stain,  this  behavior,  characteristic 
of  nitric  acid  with  albuminoid  substances,  being  known  as  the  xantht*- 
proteic  reaction. 

The  strength  of  nitric  acid  is  determined  exactly  as  in  the  ca<e 
of  hydrochloric  acid,  each  Cc.  of  normal  potassium  hydroxide  R»Itf- 
tion  corresix)nding  to  0.06257  Gm.  of  absolute  nitric  acid ;  hence  the 
number  of  Cc.  of  normal  alkali  solution  required  to  neutralize  any 
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given  weight  of  nitric  acid,  when  multiplied  by  6.257  (0.06267  X 
100)  and  the  product  divided  by  the  weight  of  the  acid  taken  will 
express  the  percentage  of  absolute  nitric  acid  in  the  sample. 

The  so-called  nitrous  acid  of  commerce  is  simply  nitroso-nitric  acid 
— that  is,  nitric  acid  containing  variable  amounts  of  nitrogen  tetroxide. 

Diluted  Nitric  Acid. — This  is  made  by  diluting  official  nitric 
acid  with  distilled  water  in  the  proportion  of  100  Gm.  of  the  former 
to  580  Gm.  of  the  latter,  and  must,  therefore,  contain  10  per  cent,  nf 
absolute  HNOj,  100  Gm.  of  official  acid  containing  68  Gm.,  which  are 
equal  to  10  per  cent,  of  680  Gm.,  the  total  weight  of  the  finished 
product.  It  has  a  specific  gravity  of  about  1.054  at  25°  C.  (77°  F.), 
and  6.26  Gm.  should  require  10  Cc.  of  normal  KOH  solution  for 
complete  neutralization. 

Nitrohydrochloric    Acid. — ^This    preparation,    which   is  also 
known  as  nitromuriatic  acid,  is  not  of  a  definite  chemical  composi- 
tion, but  is  considered    by  physicians   a  valuable  remedial   agent. 
When  strong  nitric  and  hydrochloric  acids  are  brought  into  contact, 
mutual  decomposition  takes  place,  the  composition  of  the  finished 
product  depending  upon  the  proportions  of  the  acids  used  and  the 
temperature  at  which  they  have  been  mixed.     The  Pharmacopoeia 
directs  18  volumes  of  nitric  acid  and  82  volumes  of  hydrochloric 
acid,  and,  when  so  mixed,  the  following  reactions  probably  take 
place  :    HNO3  +  3HC1  =  NOCl  +  Cl^  +  2^jd  and    2HNO3  + 
6HC1  =  2NOCI2  +  CI2  +  4H2O,  nitrosyl  mono-  and  dichloride  and 
water  being  formed,  while  chlorine  is  liberated.     The  mixture  is  at 
first  colorless,  but  as  reaction  progresses  an  orange-red    color   is 
developed  and  effervescence  is  observed ;  the  liberated  gas  is  very 
irritating,  hence  the  operation  should  be  conducted  in  a  cool  place, 
in  the  open  air  or  under  a  flue.     This  preparation  should  never  be 
made  extemporaneously,  as  severe  accidents  may  result  from  such  a 
proceeding;  sufficient  time  must  be  allowed  for  complete  reaction, 
which  is  known  by  cessation  of  effervescence,  after  which  the  liquid, 
M^hich    has  assumed  a  green-yellow  color,  should  be  preserved  in 
dark^  glas&-stoppered   bottles,  in  a  cool  place.     Nitrohydrochloric 
acid  must  never  be  dispensed  in  completely  filled  bottles,  and  the 
patient  should  be  cautioned  against  keeping  it  in  a  warm  room.   The 
acid  is  also  known  as  chloro-nitrous  acid  and  aqua  regia,  and  owes 
its  power  of  dissolving  gold  to  the  free  chlorine  and  feeble  chlorine 
compoaDds  present. 

Diluted  Nitrohydrochloric  Acid. — This  solution  is  of  nearly 
one-fourth  the  strength  of  the  stronger  acid,  22.5  per  cent.,  and  is  pre- 
pared in  exactly  the  same  manner,  the  diluent,  distilled  water,not  being 
added  until  effervescence  has  ceased.  The  British  Pharmacopceia 
prepares  this  acid  by  mixing  the  stronger  acids  at  once  with  the 
water  and  setting  the  mixture  aside  for  fourteen  days.  Conflicting 
views  exist  regarding  the  composition  of  the  fiuislied  product,  some 
31 
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authorities  contending  that,  when  made  by  diluting  the  stioDg  acids 
at  once  with  water,  the  same  reactions  will  occur  as  in  a  mixture  of 
the  acids  alone,  except  that  the  decomposition  is  more  gradual, 
while  others  assert  that  little  or  no  change  will  take  place,  and  that, 
in  fact,  the  decomposed  strong  acids  will  be  again  restored  to  their 
original  condition  upon  the  addition  of  water,  nitric  and  hydro- 
chloric acids  being  regenerated.  Certain  it  is  that  the  diluted 
nitrohydrochloric  acid  differs  from  the  strong  acid  in  bein^  free 
from  color  and  possessing  only  a  faint  odor  of  chlorine  when  freshly 
made,  which  is  gradually  lost.  The  author  has  never  observed  anj 
effervescence  or  change  of  color  or  odor  upon  mixing  the  strong 
acids  direct  with  water  and  allowing  the  mixture  to  stand. 

Phosphoric  Acid. — The  official  acid  is  a  dense  syrupy  liquid 
containing  85  per  cent,  of  absolute  orthophosphoric  acid,  HjFOiOr 
POfOH)3,  and  has  a  specific  gravity  of  1.707  at  25°  C.  (77°  F.V 
Meaicinai  phosphoric  acid  should  all  be  made  direct  from  phosphoriK; 
usually  oxidation  by  means  of  nitric  acid  is  resorted  to,  each  part 
of  phosphorus  requiring  about  3|  parts  of  absolute  nitric  acid  for 
complete  conversion,  according  to  the  following  equation  :  oHNO,-*^ 
P3  +  2H2O  =  3H3PO,  +  5NO. 

In  order  to  control  the  reaction,  about  an  equal  weight  of  water 
is  mixed  with  a  portion  of  the  nitric  acid  contained  in  a  iiask,  the 
phosphorus  is  added,  and  the  whole  heated  on  a  water-bath ;  wheu 
the  reaction  slackens,  the  remainder  of  the  nitric  acid  is  added,  undi- 
luted, small  portions  at  a  time,  and  the  heat  is  continued  until  all 
the  phosphorus  is  dissolved,  after  which  the  liquid  is  heated  in  a 
porcelain  dish,  on  a  sand-bath,  at  a  temperature  not  exceeding 
190°  C.  (374°  F.),  until  all  traces  of  nitric  acid  have  been  removt-d. 
The  object  of  limiting  the  temperature  is  to  avoid  conversion  of  tin' 
orthophosphoric  acid  into  pyrophosphoric  acid,  which  occurs  at 
200°  C.  (392°  F.)  and  over.  Phosphorus  is  frequently  contami- 
nated with  arsenic,  which  is  best  removed,  at  this  stage  of  tbt' 
Erocess,  by  diluting  the  acid  liquid  with  water,  passing  a  stream  <^t 
ydrogen  sulphide  through  it  for  several  hours  and  afterward  ^^i- 
ting  the  liquid  aside  for  twenty-four  hours  to  allow  the  arsenic  sul- 
phide to  subside.  After  filtration  the  excess  of  gas  is  removed  by 
heating  and  the  liquid  evaporated  to  the  desired  density,  every  l^^^ 
Gra.  of  phosphorus  used  yielding  about  370  Gm.  of  official  f^^^ 
phoric  acid.  This  is  essentially  the  modified  process  suggesttti 
some  years  ago  by  Dr.  Squibb. 

In  1875,  Markoe  proposed   the   following  process,  which  ha- 
since  then  been  used  with  marked  success  on  a  lai^  scale :  ^ ' 
Gm.  of  phosphorus  are  placed  in  a  stone  jar  and  covered  with  oA^* 
Gm.  of  water,  after  which   10  Gm.  of  iodine  are  added  and  tl.< 
mixture  stirred  so  as  to  bring  the  iodine  into  contact  with  the  pho?- 

Ehorus.     From  a  glass-stoppered    burette   or  funnel  60  Gm.  «'f 
romine  are  now  added,  drop  by  drop,  in  such  a  manner  that  tfc?' 


THE  INORGANIC  ACIDS.  483 

bromine  shall  strike  the  phosphorus  as  it  falls  below  the  water. 
Phosphorus  pentaiodide  and  pentabroraide,  PI5  and  PBr^,  chiefly 
the  latter,  are  formed  by  direct  union,  and  when  the  reaction  has 
ceased  6400  Gm.  of  nitric  acid  are  added,  the  jar  is  placed  in  cold 
water  or  surrounded  with  ice,  to  control  the  rate  of  oxidation,  and 
set  aside  until  solution  of  the  phosphorus  has  been  effected.  The 
acid  liquid  is  then  evaporated  and  treated  as  above.  The  phos- 
phorus iodide  and  bromide  are  decomposed  by  the  water  present, 
forming  phosphoric,  hydriodic,  and  hydrobromic  acids ;  the  last  two 
are  decomposed  by  the  nitric  acid  regenerating  iodine  and  bromine 
with  the  liberation  of  nitric  oxide.  These  reactions,  continuing 
until  all  the  phosphorus  has  been  converted  into  phosphoric  acid, 
may  be  expressed  by  the  following  equations:  1.  Pl5+5PBr6  + 
24H2O  =  6H3PO,  +  5HI  +  25HBr ;  2.  HI  +  5HBr  +  2HNO3  = 
I  +  5Br  +  2NO  +  4HjO.  The  process  can  be  conducted  with 
bromine  alone,  but  the  presence  of  iodine  has  been  found  to  modify 
the  action  between  the  phospliorus  and  bromine. 

The  impurities  likely  to  be  met  with  in  phosphoric  acid  can,  as 
a  rule,  be  avoided  in  the  process  of  manufacture,  phosphorous  acid 
being  due  to  insufficient  oxidation,  while  meta-  and  pyrophosphoric 
^cids  arise  from  the  use  of  excessive  heat. 

Phosphoric  acid  made  from  phosphorus  should  be  miscible  with 
tincture  of  ferric  chloride  in  all  proportions,  but,  if  made  from  glacial 
phosphoric  acid,  it  causes  turbidity,  which  is  in  part  due  to  the 
presence  of  sodium  metaphosphate  in  the  glacial  acid. 

The  value  of  the  -volumetric  assay  of  phosphoric  aci<l  depends 
Jai^ly  upon  the  indicator  employed ;  complete  neutralization  is  not 
feasible,  since  the  normal  alkali  phosphate  itself  gives  an  alkaline 
reaction.    Phosphoric  acid  is  tribasic,  and,  therefore,  capable  of  form- 
ing three  different  compounds  with  the  alkalies,  namely,  KHjPO^, 
K2HPO4,  and  K3PO4 ;  the  last-named  salt  is  alkaline  to  all  color- 
indicators,  whereas  the  other  two  are  either  acid,  alkaline,  or  neutral 
to  different  indicators.     With   phenolphtalein,  KHjPO^  shows  an 
acid    reaction,  but  KgHPO^  a  neutral  reaction,  but  with  methyl- 
orange  and  congo-i'ed,  KH2PO4  already  shows  a  neutral  reaction, 
and  K2HPO4  an  alkaline  reaction.     Therefore,  when  phenolphtalein 
is  nsed  as  an  indicator,  as  prescribed   in  the  Pharmacopoeia,  two 
molecules  of  potassium  hydroxide  will  be  required  for  every  molecule 
of  absolute  phosphoric  acid  to  form  the  salt  KgHPO^,  secondary 
or    dipotassium    phosphate,    according   to   the   equation    H3PO4  + 
2KOH  =  K2HPO4  +  2H2O.     Each  Cc.  of  normal  KOH  solution, 
containing  0.05574  Gm.  KOH,  will  indicate  0.048645  Gm.  H3PO4, 
^vhen  the  neutral  reaction  with  phenolphthalein  is  just  passed,  which 
in  shewn  by  a  permanent  pink  tint  imparted  by  a  drop  of  the  alkali 
fK>lution.     In  the  official  process  for  determining  the  strength  of 
phosphoric  acid  1 0  Gm.  of  the  acid  are  diluted  with  water  to  measure 
100   Cc.  and  of  this  solution  9.73  Cc.  (representing  0.973  Gm.  of 
the  acid)  are  mixed  with  10  Cc.  of  a  cold  saturated  solution  of  sodium 
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chloride  and  then  titrated  with  normal  potassium  hydroxide  solution 
each  Cc.  of  which  corresponds  to  0.048645  Gm.  of  absolute  phosphoric 
acid,  and  represents  5  per  cent,  of  0.973  Gm.  taken ;  hence  17  Cc.of 
the  alkali  solution  will  be  required  to  indicate  85  per  cent,  of  absolme 
phosphoric  acid  as  demanded.  The  object  of  adding  saturated  sodium 
chloride  solution  to  the  diluted  acid  before  titration  is  to  insure  a 
sharp  reaction  and  prevent  hydrolysis  of  the  potassium  phosphate 
formed.  With  methyl-orange  as  an  indicator,  each  Cc.  of  normal 
KOH  solution  represents  0.09729  Gm.  H3PO4,  for  an  alkaline  reac- 
tion (a  golden-yellow  color)  will  be  observed  upon  the  addition  of 
one  or  two  drops  in  excess  of  the  quantity  necessary  to  form  priman- 
or  monopotassium  phosphate,  KH2PO4,  an  equal  number  of  molecules 
of  the  acid  and  alkali  being  concerned  in  the  reaction ;  thus,  H5PO4+ 
KOH  =  KH^PO,  +  H2O. 

Dilated  Phosphoric  Acid. — It  is  made  from  the*  preceding  acid 
by  dilution  with  distilled  water  in  the  proportion  of  one  part  by 
weight  of  the  stronjs^  acid  and  seven  and  one-half  parts  of  water,  or 
100  Gm.  and  750  Gm.  It  contains  10  per  cent,  of  absolute  HjPOi 
and  has  a  specific  gravity  of  about  1.057  at  25^  C.  (77*^  F.). 

Sulphuric  Acid. — The  manufacture  of  this  acid  b  carried  on 
extensively  in  this  country  and  in  Europe,  in  specially  oonstnicted 
leaden  chambers,  so  arranged  that  the  fumes  from  burning  sulphur 
or  iron  pyrites  are  brought  into  intimate  contact  with  steam  and 
nitric  acid  vapor.  Nitrogen  trioxide  is  generated  and  combines  with 
more  sulphur  dioxide,  aqueous  vapor,  and  atmospheric  oxygen, 
forming  nitrosylsulphuric  acid,  which,  coming  into  contact  w-ith 
water,  is  decomposed,  yielding  sulphuric  acid  and  nitrogen  trioxide, 
and  this,  in  turn,  again  unites  with  more  sulphur  dioxide,  etc  The 
following  equations  will  explain  the  various  steps  in  the  process : 

(1 )  2S0,  +  2HN08       4-  H,0  =  2H,S04  -f  NA- 

(2)  NA  +  2S0,  +  O,  +  H,0  =  2S0,0HN0t 

(3)  2SO2OHNO,  +  H,0  =  2H^4  +  N,(V 

The  foregoing  are  the  chief  reactions  involved  in  the  manufactnre 
of  sulphuric  acid,  which  condenses  and  is  dissolved  in  the  water  cov- 
ering the  floor  of  the  leaden  chambers,  thus  forming  a  dilute  acid 
which  gradually  becomes  more  concentrated ;  it  is  afterward  with- 
drawn, still  further  concentrated  in  leaden  pans,  and  finally  distilled 
in  glass  or,  preferably,  eold-lined  platinum  retorts. 

Crude  sulphuric  acid  is  often  colored,  and  contains  nitric  and 
sulphurous  acids  and  lead,  the  latter  being  readily  detected  by  »mple 
dilution  with  water.  Arsenic  is  almost  invariably  present,  and  tbuf 
is  transferred  to  other  substances  in  the  manufacture  of  which  sul- 
phuric acid  is  used,  as  hydrochloric  and  nitric  acids,  phosphorus,  etc. 

When  sulphuric  acici  is  mixed  with  water  or  alcohol,  heat  i^ 
developed  and  the  volume  of  the  mixture  is  invariably  contract^fil 
Official  sulphuric  acid  is  of  oily  consistence,  and  has  a  specific  ffraMtr 
of  1.826  at  25°  C.  (77°  F.).     It  should  be  free  from  lead  and  other 
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mineral  impurities,  but  slight  traces  of  arsenic,  nitric,  nitrous,  and 
sulphurous  acids  are  permitted.  The  Pharmacopoeia  requires  the 
presence  of  not  less  than  92,6  per  cent,  of  absolute  H^O^,  and,  as 
sulphuric  acid  is  bibasic,  the  following  reaction  takes  place  when 
potassium  hydroxide  •  is  added  to  complete  neutrality :  H2SO4  -f 
2K0H  =  K^SO,  +  2Hj,0.  Each  Cc.  of  normal  KOH  solution,  con- 
taining 0.05574  Gm.  KOH,  is  equivalent  to  0.048676  Gm.  H^,. 

Aromatic  Sulphuric  Acid. — ^An  alcoholic  solution  of  sulphuric 
acid,  flavored  with  ginger  and  cinnamon,  containing  about  11  per 
cent,  by  volume,  or  about  20  per  cent,  by  weight,  of  official  acid.     It 
is  a  light-colored  liquid  having  a.  specific  gravity  of  about  0.933  at 
25°  a  (77^  F.).     The  acid  should  be  added  to  the  alcohol  slowly  in 
a  thin  stream,  with  constant  stirring,  and,  when  the  mixture  has 
cooled,  the  tincture  of  ginger  and  ou  of  cinnamon  may  be  added. 
Upon  standing,*  chemical  action  ensues  and  a  part  of  the  sulphuric 
acid  is  gradually  converted  into  ethyl-sulphuric  or  sulphovinic  acid, 
according  to  the  equation  H^SO,  -f  QHpH  =  CjHgHSO^  -f  HjO. 
The  new  compound,  also  known  as  acid  ethyl  sulphate,  is  soluble 
in  water  and  alcohol,  but  is  not  precipitated  by  barium  chloride; 
by  boiling,  it  is  split  up  into  sulphuric  acid  and  alcohol ;  hence  the 
Pharmacopoeia  directs  in  the  official  test  that  10  Gm.  of  aromatic 
sulphuric  acid  shall  be  mixed  with  30  Cc.  of  water  and  then  boiled 
for  four  hours,  after  which  sufficient  water  is  added  to  bring  the 
volume  up  to  100  Cc,  of  which  48.68  Cc,  representing  4.868  Gm. 
of  the  original  aromatic  acid,  are  used  for  the  assay.     An  excess, 
25  Cc.  of  normal  potassium  hydroxide  solution,  is  added  and  the 
alkaline  liquid  then  titrated  with  normal  sulphuric  acid ;  not  more 
than  5  Cc.  of  the  latter  should  be  used  to  neutralize  the  solution, 
showing  that  not  less  than  20  Cc  of  the  normal  KOH  solution  were 
required  for  the  4.868  Gm.  of  aromatic  acid  taken,  which  would  indi- 
cate not  less  than  20  per  cent,  of  sulphuric  acid.     As  each  Cc  of 
the   normal  alkali   solution  represents  0.048675  Gm.  of  absolute 
HjSO^,  it  corresponds  to  1  per  cent,  of  4.868  Gm. 

The  aromatic  sulphuric  acid  of  the  present  Pharmacopoeia  differs 
considerably  frona  the  preparation  of  the  same  name  of  the  1870 
Pharmacopceia,  formerly  often  prescribed  under  the  name  of  Elixir 
of  Vitriol,  The  latter  preparation  was  of  a  brownish-red  color,  and 
very  prone  to  precipitation ;  it  was  made  by  percolating  1  troy  ounce 
of  ginger  and  li  troy  ounces  of  cinnamon  with  1  pint  of  alcohol,  and 
adding  the  resulting  tincture  to  a  previously  prepared  and  cooled 
mixture  of  1  pint  of  alcohol  and  6  troy  ounces  of  sulphuric  acid. 

Diluted  Sulphuric  Acid. — ^This  is  made  by  diluting  10  parts  by 
weight  of  official  sulphuric  acid  with  82^  parts  of  distilled  water,  or 
100  Gm.  of  the  former  with  825  Gm.  of  the  latter.  The  acid  should 
be  added  gradually,  with  constant  stirring,  on  account  of  the  heat 
developed.  It  contains  10  per  cent,  of  absolute  HjSO^  and  has  a 
gpecifie  gravity  of  about  1.067  at  25^  C.  (77°  F.). 
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'  Sulphurous  Acid. — Under  this  name  the  Pharmaoopceia  recog- 
nizes an  aqueous  solution  of  sulphur  dioxide,  containing  not  less  tluo 
6.4  per  cent,  by  weight  of  the  gas.  The  official  directions  for  }»re- 
paring  the  solution  are  explicit,  and,  if  followed,  cannot  fail  to  yield 
a  satisfactory  product.  The  charcoal  acts  as  a  deoxidizing  agent 
upon  the  sulphuric  acid,  sulphur  dioxide  and  carbon  dioxide  being 
generated,  as  shown  in  the  following  equation  :  4H2SO4  +  C,= 
4SO2  +  2CO2  +  4H2O.  Heat  is  necessary  to  induce  the  reaction, 
and  in  order  to  intercept  any  impurities  which  may  be  mechanically 
carried  over  with  the  escaping  gases  the  latter  are  made  to  pass 
through  water  contained  in  a  wash-bottle.  The  carbon  dioxide  will 
escape  from  the  bottle  containing  the  distilled  water  as  the  sulphur 
dioxide  is  absorbed,  since  it  is  insoluble  in  a  solution  of  sulphnrous 
acid.  .When  the  evolution  of  gas  has  ceased  the  solution  of  sulphn- 
rous acid  is  assayed  and  sufficient  distilled  water  added  to  bring  the 
product  up  to  the  strength  demanded  by  the  Pharmacopoeia,  6.4  per 
cent,  by  weight  of  sulphur  dioxide. 

In  the  place  of  charcoal,  pure  copper  foil  or  turnings  may  be 
used  for  the  generation  of  sulphur  dioxide ;  the  yield  of  gas  from  an 
equal  weight  of  sulphuric  atiid,  however,  will  be  ouly  one-half  of 
that  obtained  with  charcoal,  as  may  be  seen  from  the  equation 
4H2SO,  +  Cu2  =  2SOj  +  2CuSO,  +  4HjO,  although  the  evolution 
of  carbon  dioxide  is  avoided ;  the  official  process  is  therefore  more 
economical. 

The  pharmacopoeial  test  with  lead  acetate  paper  depends  npon  the 
reaction  between  sulphur  dioxide  and  nascent  hydrogen  (generated 
from  zinc  with  hydrochloric  acid),  resulting  in  the  formation  of 
hydrogen  sulphide,  thus  SOj  +  H«  =  HjjS  +  2H2O.  Slight  imes 
of  sulphuric  acid  are  unavoidable^  except  in  freshly  made  solutions ; 
hence  the  official  limit  test. 

The  strength  of  sulphurous  acid  solutions  is  officially  determiDed, 
volumetrically,  with  iodine  as  an  oxidizing  agent,  the  following  reac- 
tion taking  place  :  H^SO^CSO,  +  H,0)  +  I2  +  H^O  =  2HI  7 
H2SO4,  2  atoms  of  iodine  converting  1  molecule  of  sulphurous  acid 
into  sulphuric  acid.  Each  Cc.  of  -^  iodine  solution,  contunine 
0.01259  Gm.  iodine,  therefore,  corresponds  to  0.00318  Gm.  SO,,  aad 
2  Gm.  of  the  official  acid  must  require  at  least  40.2  Cc.  for  6.4  per 
cent,  of  2  is  0.128,  and  0.128  divided  .by  0.00318  yields  40.2 -^. 
An  excess  of  y^  iodine  solution  is  added  to  a  known  weight  (about  2 
Gm.)  of  the  sulphurous  agid  solution  and,  after  standing  for  '^ 
minutes  to  allow  the  reaction  to  be  completed,  the  excess  is  titratr^i 
with  j^  sodium  thiosulphate  solution.  By  subtracting  the  numUr 
of  Cc.  of  thiosulphate  solution  required  from  the  number  of  Ce*  ^*' 
iodine  solution  added,  the  exact  number  of  Cc.  of  the  latter  requir^' 
for  oxidation  of  the  acid  solution  is  ascertained ;  this  number  muln- 
plied  by  0.318  (0.00318  X  100)  and  the  product  divided  bv  the 
weight  of  acid  solution  taken  for  the  assay  will  express  the  pcroait- 
age  of  sulphur  dioxide  in  the  sample. 


CHAPTER  XLI. 


THE  COMPOUNDS  OF  POTASSIUM. 

The  PbarmacoiKeia  recognizes  17  salts  of  potassiom,  besides 
6  preparations  of  salts,  including  3  liquids,  for  which  working  for- 
mulas are  given ;  the  following  comprise  the  list : 


Official  English  Name. 
Potaasium  Acetate, 
Potassium  Bicarbonate, 
Potassium  Bitartratei 
Potassium  Bromide, 
Potassium  Carbonate, 
Potassium  Chlorate, 
Potassium  Citrate, 
Efiervescent  Potassium  Citrate, 
Potassium  Cyanide, 
Potassium  Dichromate, 
Potassium  and  Sodium  Tartrate, 
Potassium  Ferrocyanide, 
Potassium  Hydroxide, 
Potassium  Hypophosphite, 
Potassium  Iodide, 
Potassium  Nitrate, 
Potaasium  Permanganate, 
Potassium  Sulphate, 
Solution  of  Potassium  Arsenite, 
Solution  of  Potassium  Citrate, 
Solution  of  Potassium  Hydroxide, 
Troches  of  Potassium  Chlorate, 


Official  Latin  Name. 
Potassii  Acetas. 
Potassii  Bicarbonas. 
Potassii  Bitartras. 
Potassii  Bromidum. 
Potassii  Carbonas. 
Potassii  Chloras. 
'Potassii  Citras. 
Potassii  Citras  Effervescens. 
Potassii  Cyanidum. 
■Potassii  IMchromas. 
Potassii  et  Sodii  Tartras. 
'Potassii  Ferrocyanidum. 
Potassii  Hydroxidnm. 
-Potassii  Hypophosphis. 
Potassii  lodidum. 
Potassii  Nitras. 
'Potassii  Permanganas. 
Potassii  Sulphas. 
Liquor  Potassii  Arsenitis. 
Liquor  Potassii  Citiatis. 
'Liquor  Potassii  Hydroxidi. 
Trochisci  Potassii  Chloratis. 


Pota4Miiim   Acetate.     KC2H3O2  or  CH3COOK.— This  salt  is 

prepared  by  neutralizing  acetic  acid  with  potassium  carbonate  or 
bicarbonate,  the  latter  being  preferable  on  account  of  its  greater 
purity,  evaporating  the  resulting  solution  to  dryness,  fusing  the  resi- 
due, and  allowing  the  salt  to  solidify.  The  product,  being  very 
deliquescent,  must  be  bottled  while  still  warm,  and  should  be  well 
protected  against  air. 

The  salt  absorbs  moisture  very  quickly  when  in  contact  with  air, 
which  it  is  impossible  to  prevent  wnile  weighing,  hence  only  98  per 
cent,  of  acetate  is  officially  demanded. 

In  order  to  determine  the  quality  of  organic  salts  of  potassium 
volumetrically,  it  is  necessarj'  that  they  first  be  con  vert  ea  into  car- 
bonate by  thorough  ignition,  the  oxygen  of  the  atmosphere  aiding 
ID  the  change.  In  the  case  of  potassium  acetate  the  following  reac- 
tion occurs  :  2KCaH302  +  0^  =  KjCO,  +  SH^O  +  SCOg,  two  mole- 
cules, or  194.88  parts,  of  acetate  furnishing  one  moclecule,  or  137.27 
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parts  of  carbonate.  Each  Cc.  of  f  HjSO^  required  in  the  official 
test  to  neutralize  the  carbonate  resulting  from  1  Gm.  of  potassium 
acetate,  represents  0.04872  Gm.,  or  4.872  per  cent,  of  acetate,  and 
hence  20.1  Cc.  will  be  required  to  show  97.93  (practically  98)  per 
cent. 

Potassium  Bicarbonate.    KHQO,.— When  carbon  dioxide  is 

passed  into  a  concentrated  solution  of  potassium  carbonate,  chemical 
union  takes  place^  potassium  bicarl>onate  or  acid  carbonate  beiog 
formed  according  to  the  equation  KgCOj  +  H^O  +  CO,  =  2KHC0j. 
The  solution  is  afterward  decanted  from  any  separated  silica,  aod 
crystallized.  Potassium  bicarbonate  is  permanent  in  the  air,  any 
hygroscopic  tendency  indicating  contamination  with  carbonate;  this 
can  be  verified  by  adding  to  a  solution  of  the  salt  barium  chloride 
or  magnesium  sulphate,  which  are  not  precipitated  by  the  pure 
bicarbonate.  The  Pharmacopoeia  permits  traces  of  carbonate,  and 
requires  99  per  cent,  purity  to  be  determined  by  means  of  |  H^,. 

Potassium  Bitartrate.    EHO^H^Oe  or  (OHOH),0OOH0001 

— ^Acid  potassium  tartrate,  or  cream  of  tartar,  as  it  is  more  famil- 
iarly known,  is  prepared  for  medicinal  use  by  treating  purified 
tartar  with  dilutea  hydrochloric  acid  for  the  purpose  of  removing 
the  calcium  tartrate  present  as  chloride ;  the  mixture  is  heated  and 
constantly  agitated  while  cooling.  Some  tartaric  acid  and  potasaum 
bitartrate  remain  finally  in  the  mother-liquors,  which  are  utilised 
in  the  manufacture  of  tartaric  acid. 

Crude  tartar,  or  argol,  is  obtained  as  a  natural  deposit  in  wine 
casks  during  the  fermentation  of  grape-juice,  and  is  purified  l»y 
repeated  treatment  with  water,  clay,  ana  animal  charcoal,  to  remove 
coloring-matters  and  other  substances ;  the  filtered  solution  is  errs- 
talHzed,  the  resulting  product  still  containing  5  to  16  per  cent,  of 
calcium  tartrate  as  an  impurity,  which  remains. 

At  the  present  time  large  quantities  of  cream  of  tartar  are  obtained 
in  a  high  state  of  purity  and  in  the  form  of  fine  powder,  by  whal 
is  termed  the  precipitation  method.  The  lees  or  acid  residue? 
of  wine  casks  are  partially  neutralized  with  sodium  carbonate  and 
brought  into  solution  in  water,  which  solution  is  then  allowed  tr 
percolate  through  soda  ash  contained  in  stone  cylinders.  The  f<»I«- 
tion  of  potassium  and  sodium  tartrate  thus  obtained  is  allowetl  t" 
crystallize  for  the  purpose  of  purification,  after  Mhich  the  slighii.^ 
colored  crystals  are  redissolved  in  water  and  decomposed  by  aiWi- 
tion  of  acetic  acid,  as  a  result  of  which  acid  potassium  tartratf. 
almost  absolutely  pure,  is  precipitated  in  powder-form,  while  sodium 
acetate  remains  in  solution. 

The  Pharmacopoeia  permits  the  presence  of  not  more  than  1  per 
cent,  of  impurities  and  requires  the  absence  of  alum  and  pliosphau*: 
it  demands  at  least  99  per  cent,  of  true  acid  potassium  tartrate,  which 
is  determined  by  conversion  into  carbonate  by  means  of  ignition,  as 
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in  the  case  of  potassium  acetate^  and  then  titrating  with  half-normal 
acid.  The  following  equations  show  that  373.56  Gm.  of  potassium 
bitartrate  yield  137.27  Gm.  of  the  carbonate,  and  that  therefore  each 
Cc.  of  I  H^O^  must  correspond  to  0.09339  Gm.  KHC^Hp^: 
2KHC,H A  +  Oio  =  K^COj  +  TCO^  +  SH^O  and  K^CO,  +  H^SO, 

In  the  official  test  directing  the  use  of  1  Gm.  of  potassium  bitar- 
trate, each  Cc.  of  the  half-normal  acid  required  to  neutralize  the 
alkaline  solution  obtained  will  indicate  9.339  per  cent,  of  pure  bitar- 
trate (1  Cc.  of  half-normal  acid  corresponding  to  0.09339  Gm. 
KHC4H4O5)  and  hence  10.6  Cc.  will  be  necessary  to  show  98.99 
(practically  99)  per  cent.,  the  degree  of  purity  demanded. 

Much  of  the  cream  of  tartar  sold  is  of  inferior  quality  and  often 
largely  adulterated,  but  there  is  no  difficulty  in  procuring  the  official 
article  if  it  is  desired^  as  it  is  extensively  manufactured  in  this 
country  and  abroad. 

The  so-called  soluble  cream  of  tartar,  or  borotartrate  of  potas- 
sium and  sodium,  is  officially  recognized  in  the  German  Pharmaco- 
poeia under  the  name  tartarus  boraxaJtua.  It  is  soluble  in  its  own 
weight  of  cold  water,  and  is  prepared  by  digesting  5  parts  of  potas- 
sium bitartrate  in  a  solution  of  2  parts  of  borax  and  15  parts  of 
water  until  dissolved  ;  the  solution  is  evaporated  to  dryness,  and  the 
residue,  while  still  warm,  reduced  to  powaer. 

Potassium  Bromide.  EBr. — This  well-known  salt  may  be 
obtained  by  decomposing  a  solution  of  ferrous  bromide  with  potas- 
sium carbonate,  beating  the  mixture,  filtering,  evaporating  the  filtrate, 
and  crystallizing.  The  process  followed  by  large  manufacturers  is 
to  add  bromine  to  a  solution  of  potassium  hydroxide  until  the  liquid 
remains  colored,  evaporate  it  to  aryness,  and  expose  the  saline  resiaue, 
mixed  with  charcoal,  in  small  portions  at  a  time,  to  red  heat  in  an 
iron  crucible;  the  fused  mass  is  treated  with  water,  the  resulting 
solution  filtered,  and  set  aside  to  crystallize.  When  bromine  ana 
potassium  hydroxide  are  brought  together,  potassium  bromide  and 
bromate  are  formed ;  thus,  6KOH  +  Br^  =  6KBr  +  KBrOs+  SHjO ; 
by  heating  the  mixed  salts  with  charcoal  all  bromate  is  reduced 
to  bromide ;  thus,  KBrOj  +  C3  =-  KBr  +  3CO. 

The  chief  impurity  likely  to  be  encountered  in  potassium  bromide 
is  the  chloride,  due  to  the  chlorine  present  in  bromine.  The  Phar- 
macopoeia demands  the  absence  of  more  than  3  per  cent,  of  chloride, 
which  is  ascertained  volumetrically  with  y^  silver  nitrate  solution. 
Since  potassium  chloride  has  a  lower  molecular  weight  (74.04)  than 
the  bromide  (118.22),  an  equal  weight  of  the  same  will  require  a 
larger  amount  of  silver  solution  for  complete  precipitation;  upon 
this  the  official  test  is  based. 

The  following  rule  will  enable  any  one  to  ascertain  the  exact  per- 
centage of  potassium  chloride  in  any  sample  of  bromide :  Calculate 
how  much  j^  AgNOj  solution  will  be  required  to  precipitate  a  given 
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weight  of  pure  potassium  bromide,  and  find  also  the  quantitj  neces- 
sary to  precipitate  the  same  weight'  of  pure  potassium  chloride. 
(Assuming  that  0.3  Gm.  of  each  salt  be  taken,  it  will  require  25.3S 
Cc.  of  the  silver  solution  for  the  bromide,  and  40.51  Co.  for  the 
chloride.)  Subtract  the  lesser  amount  from  the  ereater  (40.51— 
26.38  =  15.13),  and  the  remainder  will  represent  the  difference  for 
100  per  cent.,  or  absolute  purity.  If  this  remainder  be  divided  by 
100  (16.13  H-  100  =  0.1513),  the  quotient  will  represent  the  quantity 
of  y^  AgNOj  solution  necessary  to  indicate  1  per  cent.  Divide  the 
quotient  so  obtained  into  the  difference  between  the  quantity  of  A 
AgNOj  solution  required  for  the  given  weight  of  a  sample  of  bromide 
and  for  the  same  weight  of  pure  bromide,  the  result  wiU  indicate  the 
percentage  of  chloride  in  the  sample. 

When  potassium  chromate  is  used  as  an  indicator,  no  prmanent 
red  color,  due  to  silver  chromate,  can  appear  in  the  official  test  until 
all  bromide  and  chloride  have  been  precipitated.  Applying  the 
above  rule  to  the  quantities  of  potassium  bromide  and  silver  solution 
prescribed  by  the  Pharmacopoeia,  3  per  cent,  of  chloride  will  be 
found  indicated,  as  can  be  shown  in  the  following  calculations :  1  Cc. 
of  ^  AgNOj  solution  represents  0.011822  Gm.  KBr  or0.0074(M 
Gm.  KCl,  for  168.69  parts  of  silver  nitrate  will  completely  pre- 
cipitate 118.22  parts  of  potassium  bromide,  or  74.04  parts  of  potas- 
sium chloride;  therefore  0.3  Gm.  KBr,  if  absolutely  pure,  will 
require  25.38  Cc.  of  A  AgNOg  solution,  for  0.3  -f-  0.01 1 822  =  25.38, 
and  0.3  Gm.  KCl,  if^pure,  requires  40.51  Cc.  of  y^  AgNOj  solution, 
for  0.3^0.007404=^40.51;  40.51  —  25.38=16.13,  and  15,13^ 
100  =  0.1613.  As  the  Pharmacopoeia  directs  that  not  less  than 
24.6  Cc.  and  not  more  than  26.85  Cc,  of  -^  silver  nitrate  soln- 
tion  shall  be  required,  the  difference  between  25.86  and  25.38  —  0.47 
Cc.  is  due  to  the  presence  of  chloride,  and  this  difference  divided  hy 
0.1513  would  indicate  3.1  per  cent.  If  the  quantity  of  silver  solu- 
tion used  falls  below  that  theoretically  required,  it  is  due  to  impuri- 
ties which  do  not  react  with  silver  nitrate  or  to  iodide,  and  as  the 
Pharmacopoeia  demands  the  absence  of  iodide,  the  lower  limit  allowed 
in  the  test,  24.6  Cc,  would  indicate  only  96.94  per  cent  of  pure 
bromide,  for  24.6  X  0.011822  =  0.2908212  and  0.2908212-^0.3  = 
96.94. 

Potassium  Oarbonate.  KfiO^ — This  compound  is  familiarly 
known  as  salt  of  tartar,  a  name  given  to  it  because  it  was  at  one 
time  prepared  by  ignition  of  tartar.  It  is  now  extensively  prepared 
from  potassium  chloride  by  a  method  analogous  to  the  Leblanc  proc- 
ess for  making  sodium  carbonate.  The  purer  carbonate,  such  as  is 
demanded  by  the  Pharmacopoeia,  is  obtained  by  heating  crystalliad 
potassium  bicarbonate  to  reaness,  whereby  carbon  dioxide  and  water 
are  eliminated  and  potassium  carbonate  remains,  the  yield  being 
about  68  or  69  per  cent.  The  reaction  is  a  very  simple  one? 
2KHCO3  =  K2CO3  +  COj  +  HA 
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Potassium  carbonate,  on  account  of  its  very  deliauescent  nature, 
must  be  preserved  in  well-stoppered  bottles,  in  a  ary  place.  The 
Pharmacopoeia  demands  an  almost  absolutely  pure  salt,  98  per  cent. 
of  absolute  KjCOj  for  the  salt  when  thoroughly  dried.  1  Gm.  of 
potassium  carbonate  dried  at  130°  C.  (266®  F.)  should  require  for 
neutralization  not  less  than  14.3  (14.28)  Cc.  of  normal  H2SO4,  each 
Cc.  corresponding  to  0.068635  Gm.  of  K^COj,  and  0.98  (98  per 
cent,  of  1)  Gm.  ^  0.068635  =  14.28. 

Potassium  Chlorate.  KOIO3. — At  present  potassium  chlorate 
is  largely  made  by  a  process  similar  to  that  given  in  the  British 
Pharmacopoeia,  which  consists  in  passing  chlorine  gas  into  water 
holding  lime,  or  preferably  magnesia,  in  suspension,  by  which  means 
chloride  and  hypochlorite  of  the  respective  metals  are  formed.  The 
latter  salt  is  decomposed  by  heat  into  chlorate  and  chloride,  and 
upon  treating  the  solution  with  potassium  chloride  a  reaction  sets  in, 
by  which  potassium  chlorate  and  calcium  or  magnesium  chloride  are 
formed,  the  latter  salts  remaining  in  solution,  while  the  potassium 
chlorate  crystallizes  out.  Magnesia  is  preferred  to  lime,  as  potas- 
sium chlorate  is  less  soluble  in  solution  of  magnesium  chloride  than 
of  calcium  chloride.  The  reactions  involved  may  be  expressed  as 
follows  :  2Ca(OH)2  4-  CI,  =  Ca(C10)2  +  CaClg  +  2H2O ;  3Ca(C10)a 
=  Ca(C103)2  +  2CaCl2;  Ca(C103)2+  2KC1  =  2KCIO3  +  CaCla- 

Large  quantities  of  the  salt  are  produced  both  in  this  country 
and  in  Europe  by  a  process  which  consists  in  passing  an  electric 
current  through  a  heated  solution  of  potassium  chloride,  whereby 
chlorine  collects  around  one  pole  (the  positive)  and  potassium 
hydroxide  around  the  other.  The  solution  of  potassium  hydroxide 
by  a  process  of  circulation  is  carried  to  the  compartment  of  the  next 
cell  containing  the  positive  pole,  and  so  on,  by  which  it  comes  in 
contact  \\'ith  chlorine  and  forms  potassium  chlorate,  which  continu- 
ally crystallizes  out.  The  change  is  most  simply  expressed  thus : 
2C1  -h  H,0  =  2HC1  +  O;  KOH  +  HCl  =KC1  +  H^O;  KC1  + 
03  =  KC103. 

The  salt  is  rarely  found  impure,  and  occurs  in  commerce  both  in 
the  form  of  crystals  and  fine  powder.  It  is  readily  decomposed,  often 
with  explosive  violence,  when  triturated  with  such  substances  as 
sugar^  tannin,  sulphur,  etc. ;  care  is  therefore  necessary  when  such 
mixtures  are  to  be  dispensed.  ^^^^^ 

Potassium    Citrate.      Kfi^fij  +  H^O  or  \pflfiIL{GOOK\. 

HjO. — This  salt  is  prepared  by  neutralizing  a  solution  of  citric  acid 
with  potassium  carbonate  or  bicarbonate,  and  evaporating  the  solu- 
tion to  dryness,  with  constant  stirring,  so  as  to  obtain  the  salt  in 
small  granules.  The  finished  product  retains  a  little  over  5J  per 
cent,  of  water,  which  it  loses  entirely  when  heated  to  200°  C.  (392® 
F.),  but  should  be  free  from  impurities ;  the  commercial  article  is 
frequently  acid,  showing  imperfect  saturation.  As  the  salt  is  deli- 
quescent, it  must  be  well  protected  against  air. 
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In  order  to  determine  the  quality  of  potassium  citrate  volumetri- 
cally,  it  is  necessary  to  convert  the  salt  into  carbonate  by  ignition, 
and  then  to  titrate  with  »  acid,  as  in  the  case  of  other  organic  potas- 
sium salts.  Citric  acid  Deing  tribasic,  2  molecules,  or  644.16  parts, 
of  potassium  citrate  will  yield  3  molecules,  or  411.81  parts,  of  car- 
bonate ;  thus,  2K8C«H,07.H,0  +  O,^  =  SK^COj  +  9C0,  +  TH^O ; 
hence  1  Gm.  of  the  salt  converted  into  carbonate  and  dissolved  in 
water  will  require  not  less  than  18.4  Cc.  of  ^  acid  to  show  the 
degree  of  purity  demanded  by  the  Pharmacopoeia,  or  99  per  cent. 
Each  Cc.  of  I  acid  corresponds  to  0.05868  Gm.  of  K jCcHA  +  HjOt 
containing  5.65  per  cent  of  water  of  crystallization,  and  0.99-5- 
0.5368=18.44. 

Effervescent  Potassium  Oitrate. — ^This  preparation  contains 
about  20  per  cent,  of  potassium  citrate  and  has  already  been  consid- 
ered on  page  410  in  the  chapter  on  Granular  Effervescent  Salts. 

Potassium  Cyanide.  KON  or  KOy. — This  very  poisonous 
compound  is  prepared  on  a  large  scale  by  fusing  together  anhydrous 
potassium  ferrocyanide  with  metallic  potassium,  with  entire  eiclu- 
sion  of  air.  A  very  pure  article  is  produced,  according  to  the  fol- 
lowing equation,  K;Fe{CW)^  +  K,  =  6KCN  +  Fe ;  the  molten  saline 
mass  is  poured  off,  leaving  metallic  iron  behind.  For  commercial 
purposes  a  mixed  cyanide  of  potassium  and  sodium  is  produced  by 
the  same  method,  except  that  in  place  of  metallic  potassium  the  let% 
expensive  metallic  sodium  is  usea. 

Another  method  for  obtaining  a  pure  salt  consists  in  passing 
hydrocyanic  acid  gas  into  an  alcoholic  solution  of  potassium 
hydroxide,  when  the  newly  formed  cyanide  will  separate  as  a  bulky 
crystalline  precipitate,  which  may  be  washed  on  a  filter  with  alcohol. 

The  Pharmacopoeia  demands  not  less  than  95  per  cent,  of  pnre 
KCN,  which  is  determined  volumetrically  by  means  of  ^  AgKO, 
solution  in  the  presence  of  ammonia  water,  potassium  iodide  bein^ 
used  as  an  indicator.  As  potassium  cyanide  forms  vrith  silvti 
nitrate  a  soluble  double  cyanide  of  potassium  and  silver,  as  shown 
by  the  equation  2KCN  +  AgNOj  =  AgK(CN),  +  KNO,,  no  pt^ 
cipitate  will  appear  until  one-half  of  the  potassium  cyimide  has  l^n 
acted  upon  by  silver  nitrate,  after  which  the  solution  becomes  cloudy 
by  precipitation  of  silver  iodide  insoluble  in  the  ammonia  water. 
From  the  above  equation  it  follows  that  1  molecule  or  168.69  Gm. 
of  silver  nitrate  reacts  with  2  molecules  or  129.4  Gm.  of  potassiatn 
cyanide,  and  that  in  the  official  test  each  Cc.  of  y^  AgNOj  solaiK»n 
will  correspond  to  0.01 294  Gm.  of  pure  KCN,  which  is  exactly  2 
per  cent,  of  the  0.647  Gm.  of  the  alkali  cyanide  taken ;  hence  47,5 
Cc.  of  the  silver  solution  will  be  required  before  appearance  of  a 
permanent  precipitate,  showing  the  presence  of  95  per  cent,  of  pure 
KCN,  as  demanded.  Sodium  cyanide  is  frequently  found  in  potas- 
sium cyanide,  and  since  the  Pharmacopoeia  does  not  distinguish  in 
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the  test  between  cyanides  of  potassium  and  sodium,  the  titration 
method  does  not  give  the  exact  amount  of  KCN,  but  it  does  indi- 
cate the  true  amount  of  hydrocyanic  acid  in  combination.  The 
official  potassium  cyanide  contains  39.4  per  cent,  of  hydrocyanic 
acid,  and  as  far  as  efficiency  is  concerned  it  is  immaterial  whether 
the  salt  contains  sodium  cyanide  or  not,  since  a  mixed  cyanide  con- 
taining 39.4  per  cent,  of  HCN  is  equivalent  to  potassium  cyanide 
95  per  cent.  pure.  The  number  of  Cc.  of  A  AgNOj  solution  used 
in  the  above  test  multiplied  by  0.00637  indicates  the  quantity  of 
hydrocyanic  acid  in  combination,  and  47.5  X  0.00537  =  0.265,  which 
is  practically  identical  with  0.253  or  39.4  per  cent,  of  0.647. 

Potassium  Dichromate.  KjOTjO^. — This  salt,  commercially 
generally  called  bichromate  of  potash,  is  not  used  medicinally,  but  is 
of  considerable  interest  in  analytical  chemistry  and  is  largely  used 
in  the  arts.  It  may  be  looked  upon  as  a  salt  of  dichromic  acid, 
which  latter  is  the  result  of  the  union  of  2  molecules  of  chromic 
acid,  with  the  elimination  of  water ;  thus :  HgCrO^  +  HjCr04  = 
HjCrjOy  +  HjO,  or  it  may  be  assumed  that  chromium  trioxide  is 
capable  of  forming  both  chromic  and  dichromic  acid  ;  thus  :  CrO,  4- 
HjO  =  HjCrO,  and  2Cr05  -f  HjO  =  nfirfi^.  Dichromic  acid  may 
be  said  to  be  chromic  acid  holding  chromic  trioxide  in  solution,  and 
is  analogous  to  disulphuric,  or  fuming  sulphuric,  acid. 

Potassium  dichromate  is  obtained  by  treating  a  solution  of  the 
chromate  with  sulphuric  acid — ^thus,  2K3Cr04  +  HjSO^  =  K2Cr20y 
-f  KjSOi  +  HjO — ^and  separating  the  resulting  salts  by  crystalliza- 
tion. The  chromate  is  obtained  direct  from  chrome-iron  ore, 
FeOCrjOj,  by  roasting  the  same,  in  reverberatory  furnaces,  with 
potassium  carbonate  and  chalk,  the  latter  simply  preventing  fusion 
of  the  mixture,  which  is  finally  treated  with  water  and  strained  to 
remove  the  iron. 

Potassium  and   Sodium  Tartrate.     ENaC^H^Oe  +  4Eifi  or 

(CHOH)2000NaC00K  +  40^0.— This  salt  is  commercially  known 
as  Rochelle  Salt  from  the  fact  that  it  was  first  obtained  at  Rochelle, 
France,  by  an  apothecary  named  Seignette,  more  than  two  hundred 
years  ago.  It  is  prepared  by  neutralizing  the  free  acid  in  cream 
of  tartar  with  sodium  carbonate,  whereby  a  normal  double  tartrate 
is  produced ;  the  solution,  which  must  be  neutral,  is  lx)iled  for  a 
short  time,  filtered,  concentrated,  and  set  aside  to  crystallize,  the 
crystals  being  afterward  pulverized.  According  to  the  following 
equation,  2KHC4H,Oe  +  (NajCO,  +  lOH^O)  =  2(KNaC4H,0,. 
4H2O)  -f  COj  -f  3H2O,  8  parts  of  official  cream  of  tartar  will 
require  about  6  parts  of  crystallized  pure  sodium  carbonate,  yielding 
about  12  parts  of  crystallized  Rochelle  Salt. 

Potassium  and  sodium  tartrate  is  recognized  in  the  British  Phar- 
macopceia  by  the  name  of  soda  tartarata,  and  in  the  German  Phar- 
macopoeia as  tartarus  natronaius;  it  is  also  known  as  sal  Seignetti 
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The  Pharmacopoeia  requires  that  the  salt  shall  contain  not  less 
than  99  per  cent,  of  pure  KNaC4H40g,  which  may  be  detennined 
by  converting  it  into  carbonate  and  then  titrating  with  |  acid.  The 
equation  KNaC,HA.4H20  +  O,  =  KNaCX),  +  3CX)j  +  6R0 
shows  that  280.18  Gm.  of  the  double  tartrate  will  yield  121.29  Gm. 
of  the  double  carbonate,  which  are  capable  of  neutralizing  4,000 
Cc.  of  ^  acid ;  hence  each  Cc.  of  the  latter  corresponds  to  0.070045 
Gm.  of  potassium  and  sodium  tartrate,  and  14.14  Cc,  will  be  required 
in  the  official  test  to  indicate  99  per  cent,  purity. 

Potassium  Ferrocyamde.    K^¥e(01X\  +  SHgO.— Yellow  prns- 

siate  of  potash,  as  it  is  commercially  called,  possesses  no  medicinal 
properties,  but  is  used  for  making  hydrocyanic  acid  and  other 
cyanides ;  when  pure  the  salt  is  not  poisonous.  It  is  made  by  heat- 
ing, in  iron  vessels,  with  constant  stirring,  a  mixture  of  potassium 
carbonate,  metallic  iron,  and  scraps  of  horn,  leather,  or  other  nitro- 
gen-containing substances.  The  fused  mass,  known  as  "  melt,"  is, 
after  cooling,  leached  with  water,  and  the  solution  decauted  and 
crystallized  ;  the  insoluble  residue  consists  of  iron,  charcoal,  femou? 
sulphide,  calcium  phosphate,  and  silica. 

When  chlorine  is  passed  into  a  solution  of  potassium  ferrocyan- 
ide  the  ferricyanide,  or  red  prussiate  of  potash,  a  valuable  chemical 
reagent,  is  produced,  as  shown  by  the  following  equation, 
2K,Fe(CN)e  +  Cl^  =  KeFe,(CN)i2  or  2K3Fe(CN)e  +  2KCI. 

Potassium  Hydroxide.  KOH. — This  compound,  better  known 
as  caustic  potash,  is  obtained  by  decomposing  a  solution  of  potas- 
sium carbonate  with  milk  of  lime,  evaporating  the  clear  filtrate  in 
(perfectly  clean  iron  or  silver  vessels  until  a  small  quantity  of  the 
iquid  congeals  upon  cooling,  and  then  pouring  it  into  cylindrical 
moulds,  whence  the  sticks  are  removed  while  still  warm. 

The  purity  of  the  product  obtained  depends  upon  the  quality 
of  the  potassium  carbonate  employed,  and  if  made  from  the  bicar- 
bonate it  is  of  much  better  quality.  White  caustic  potash  in  ^icks 
labelled  potassa  by  lime,  is  the  kind  generally  used  for  pharmaceu- 
tical purposes,  and  should  contain  not  over  5  or  6  per  cent  i'f 
moisture ;  commercial  caustic  potash  is  sometimes  found  to  contain 
as  much  as  15  or  20  per  cent  of  water.  For  chemical  purpoi^ 
potassium  hydroxide  is  purified  by  means  of  alcohol  or  baryta,  bein^ 
then  known  as  potassa  by  alcohol  or  potassa  by  baryta*  The  paIv^l 
potassium  hydroxide  is  obtained  by  adding  pure  metallic  potassium 
in  small  pieces  to  distilled  water  in  a  silver  dish  and  evaporating  tiit 
solution. 

Potassium  hydroxide  is  a  powerful  caustic,  very  deliquescent^  and 
rapidly  absorbs  carbon  dioxide  from  the  air ;  it  must  therefore  t* 
handled  carefully  and  preserved  in  tightly  stoppered  bottles.  It  i^ 
soluble  in  less  than  one-half  its  own  weight  of  water  and  in  twice 
its  weight  of  alcohol. 
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The  Pharmacopoeia  requires  that  official  potassium  hydroxide 
shall  contain  at  least  85  per  cent,  of  absolute  KOH,  and  not  more 
than  2  per  cent  of  foreign  inorganic  substances  other  than  water. 
Its  purity  is  ascertained  by  titration  with  normal  sulphuric  acid, 
each  Cc.  of  which  is  capable  of  neutralizing  0.05574  Gm.  of  pure 
potassium  hydroxide.  The  official  assay  method  gives  absolutely 
iiecurate  results  only  in  the  absence  of  sodium  hydroxide,  since  the 
latter,  having  a  lower  molecular  weight,  requires  a  relatively  larger 
quantity  of  acid  for  neutralization. 

With  a  few  exceptions,  the  limits  of  impurities  allowed  by  the 
Pharmacopoeia,  in  this  and  other  compounds  of  potassium,  rarely 
exceed  0.5  per  cent.,  and  are  usually  determined  volumetrically. 
Since  potassium  hydroxide  readily  absorbs  carbon  dioxide,  the 
Pliarmacopoeia  limits  the  amount  of  carbonate  present  by  directing 
that  10  Cc.  of  a  10  per  cent,  solution  of  the  hydroxide  shall  not  cause 
distinct  effervescence  if  diluted  sulphuric  acid  be  added  in  excess. 

Potassiiun  Hypophosphite.  KH,POg. — Although  this  salt  can 
be  made  by  boiling  phosphorus  with  solution  of  potassium  hydroxide, 
it  is  preferably  obtained  by  adding  potassium  carbonate  to  a  solution 
of  calcium  hypophosphite,  when  calcium  carbonate  will  be  precipif 
tated  and  potassium  hypophosphite  remain  in  solution,  which  can  be 
recovered  by  filtering  the  mixture  and  carefully  evaporating  the 
filtrate  on  a  water-bath,  with  constant  stirring,  until  a  granular  salt 
results.  The  following  equation  shows  the  decomposition :  Ca(H2P02)3 
+  KjCOa  =  2KH2PO2  +  CaCOs. 

Potassiiun  hypophosphite  is  very  deliquescent,  and  must  be  pre- 
served in  tightly  stoppered  bottles;  as  it  readily  explodes  when 
intimately  mixed  with  oxidizing  agents,  trituration  with  such  sub- 
stances must  be  avoided. 

The  official  salt  is  required  to  contain  at  least  98  per  cent,  of 
pure  KH2PO2,  which  can  be  determined  accurately  only  by  gravi- 
metric estimation  in  the  usual  manner  as  magnesium  pyrophosphate, 
after  removal  of  phosphite  by  means  of  lead  acetate  and  oxidation 
of  the  hypophosphite  to  phosphate  by  means  of  bromine.  The  volu- 
metric method  of  determining  hypophosphites  by  means  of  potassium 
permanganate,  formerly  official,  has  been  shown  to  be  unreliable 
owing  to  the  almost  invariable  presence  of  phosphites. 

^  Potassium  Iodide.  KI.— When  iodine  is  added  to  a  solution 
"  of  potassium  hydroxide  the  two  substances  combine,  forming  potas- 
sium iodide  and  iodate ;  thus,  6KOH  +  le  =  5KI  +  KIO3  +  SH^O. 
The  process  of  manufacturing  this  salt  is  analogous  to  that  given  for 
potassium  bromide,  the  iodate  being  reduced  to  iodide  by  heating 
with  charcoal. 

Much  of  the  commerical  potassium  iodide  does  not  respond  to 
the  requirements  of  the  Pharmacopoeia,  as  it  occurs  in  white,  opaque 
crystals,  which,  having  been  obtained  from  an  alkaline  solution. 
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are  less  pure;  the  official  requirements  demand  practically  total 
absence  of  alkali^  and  sacb  a  salt  crystallizes  in  colorless,  transpar- 
ent cubes,  but  can  also  be  obtained  in  the  form  of  a  white  granular 
powder.     The  pharmacopoeial  test  for  the  presence  of  potassium 
cyanide  (due  to  cyanogen  derived  from  the  iodine)  involves  the 
formation  of  potassium  ferrocyanide,  which,  reacting  with  fem)us 
sulphate,  rapidly   produces  a  blue  color,  owing  to  the  oxidizing 
eflTect  of  the  air.     Since  each  Cc.  of  y^  AgNOj  solution  represents 
0.016476  Gm.  KI,  0.5  Gm.  of  an  absolutely  pure  salt  will  require 
30.35  Cc.  for  complete  precipitation ;  if  more  than  this  quantity  be 
required,  it  would  indicate  the  presence  of  bromide  or  chloride.    The 
Pharmacopoeia  requires  at  least  99  per  cent,  of  pure  iodide,  and 
hence  states  that  0.5  Gm.  shall  require  not  less  than  30  nor  more 
than  30.8  Cc.  of  y^j-  AgNO,  solution  for  complete  precipitation  of  the 
salt,  potassium  chromate  being  used  as  an  indicator.     As  each  0.3728 
Cc.  of  the  silver  solution  consumed  in  excess  of  the  theoretical 
quantity  necessary  for  pure  iodide  indicates  1  per  cent,  of  chloride, 
assuming  this  to  be  the  impurity  present,  the  excess  of  0.45  (30.8— 
30.35)  Cc.  allowed  by  the  Pharmacopoeia  would  indicate  1.2  per  cent, 
of  potassium  chloride.     The  lower  limit  allowed,  30  Cc,  is  less  than 
the  theoretical  quantity  reqiiired  and  may  be  due  to  impurities  having 
no  action  on  the  silver  solution  ;  as  each  Cc.  of  -^  -A^gNO,  solution 
corrcvsponds  to  0.016476  Gm.  of  pure  potassium  iodide  theSOCc 
would  indicate  0.49428  Gm.  or  98.85  per  cent  of  the  0.5  Gm.  used 
in  the  test. 

Potassium  Nitrate.  ENO,. — The  sources  of  this  salt  were  at 
one  time  chiefly  the  natural  deposits  in  India  and  extensive  planta- 
tions in  Europe  and  elsewhere  for  the  artificial  production  of  potas- 
sium nitrate  by  putrefaction  of  animal  and  vegetable  matter  in  the 
presence  of  wood-ashes  and  calcareous  earth.  It  is  now  laigelf 
obtained  by  mutual  decomposition  of  potassium  chloride  and  native 
sodium  nitrate,  advantage  being  taken  of  the  lesser  solubility  of  the 
newly  formed  sodium  chloride  in  hot  water  to  rid  the  solution  of 
this  impurity  upon  concentration  by  boiling.  The  potassium  nitrate 
subsequently  crystallizes  out,  and  is  further  purified  by  re-solution 
and  re-crystallization. 

Potassium  nitrate  is  to  be  had  both  in  the  form  of  large  crysfai^ 
and  as  a  fine  granular  powder ;  the  latter  is  preferred  for  pharma- 
ceutical purposes,  and  is  largely  obtained  from  manufacturers  of 
gunpowder,  who  require  a  pure  article  for  their  purposes. 

The  name  saltpetre,  or  nitre,  is  used  almost  exclusively  in  com- 
merce for  this  salt,  and  when  fused  and  cast  into  round  moulds  it 
is  sold  under  the  name  sal  prunelle. 

Potassium  Permanganate.  KMn04. — In  the  manu&ctore  of 
this  compound  the  first  step  necessary  is  the  production  of  potas^ 
sium  manganate,  by  heating  to  semi-fusion  at  a  dull-red  heat,  an 
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intimate  mixture  of  maDganese  dioxide^  potassium  hydroxide^  and 
potassium  chlorate,  wheo  the  following  reaction  occurs :  3Mn02  + 
6K0H  +  KCIO3  =  SKjMnO^  +  KCl  +  3H2O.      The  green   fused 
mass  is  then  treated  twice  with  boiling  water,  whereby  the  potassium 
manganate   is  converted  into  permanganate — 3K2MUO4  +  2H2O  = 
2KMn04  +  MnOg  +  4KOH — manganese  dioxide  being  again  pre- 
cipitated and  potassium  hydroxide  remaining  in  solution  with  the 
permanganate     The  presence  of  potassium  hydroxide  in  the  liquid 
prevents  a  full  yield  of  permanganate  by  holding  a  portion  of  the 
manganate  in  solution  without  change ;  a  stream  of  carbon  dioxide  is 
therefore  passed  into  the  liquid  to  neutralize  the  alkali  and  thus  allow 
all  the  maneanate  to  be  converted  into  permanganate  and  dioxide ;  in 
place  of  carbon  dioxide,  diluted  sulphuric  acid  is  sometimes  used 
for  the  same  purpose.     Finally,  after   decantation    and  filtration 
through  asbestos,  the  solution  is  concentrated  and  set  aside  to  cr\'s- 
taJlize.      As  potassium   permanganate    is  readily    decomposed   by 
organic  matter,  all  dust  and  dirt  must  be  excluded  during  the  last 
steps  of  the  process. 

The  official  method  of  valuation  of  potassium  permanganate  by 

means  of  oxalic    acid  depends  upon  the  ready  deoxidation  of  the 

salt  by  all  reducing  substances,  five  atoms  of  oxygen  being  liberated 

from    every  two   molecules  of  the  permanganate.      In  the  official 

test    the   oxalic  acid    is   completely   converted  by  oxidation   into 

carbon  dioxide  and  water,  as  shown   by  the  following  equation  : 

5(H^Cfi,  +  2H2O)  +  2KMnO,  +  SH^SO^  =  lOCO^  +  K^SO,  + 

2ilnS04  +  I8H3O,  625.5  parts  of  crystallized  oxalic  acid  requiring 

313.96  parts  of  pure  permanganate.     The  Pharmacopoeia  demands 

potassium  permanganate  to  be  of  99  per  cent,  purity,  and  hence  0.1 

Gra.  of  the  salt  (0.099  Gm.  of  pure  KMnO,)  will  oxidize  0.19724 

Gm.  of  crystallized  oxalic  acid,  or  in  other  Avords,  0.19724  Gm.  of 

the  oxalic  acid  will  be  required  to  discharge  the  color  of  a  solution 

containing  0.1  Gm.  of  official   potassium    permanganate.     Such  a 

quantity  of  the  acid  is  contained  in  31.52  Cc.  of  jj^  solution,  as  each 

Cc.   contains   0.006255   Gm.  and  0.19724-^0.006255  =  31.517-1-. 

If  31.5  Cc.  of  ^oxalic  acid  solution  be  used,  as  stated  in   the 

Pharmacopoeia,  this  would  indicate  the  presence  of  0.09889  Gm.  of 

pure  KMnO^  or  98.89  per  cent.,  which  is  practically  99  per  cent.,  ns 

demanded. 

Since  potassium  permanganate  is  easily  decomposed,  it  shouM 
never  be  triturated  or  dispensed  with  readily  oxidizable  or  organic 
substances.  Stains  produced  by  the  salt  in  a  mortar  or  on  the  hands 
are  best  removed  with  oxalic  acid  solution,  either  alone  or  with  a 
little  sulphuric  acid. 

While  potassium  permanganate  is  used  to  some  extent  in  medi- 
cine, it  is  of  special  interest  to  pharmacists  as  an  oxidizing  agent  in 
volumetric  analysis. 

Potassinm  Sulphate.    E2SO4.— This  salt,  which,  although  rarely 

32 
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used  in  medicine  or  pharmacy,  has  been  retained  in  the  Pharmaoopceia, 
is  obtained  partly  as  a  by-product  in  many  chemical  operations  aod 
partly  from  the  mineral  kainite,  a  natural  potassium  and  magnesium 
sulphate. 

For  a  lone  time  potassium  sulphate,  on  account  of  the  hardne>8 
of  its  crystals,  was  preferred  as  a  diluent  in  the  preparation  of 
Dover's  Powder,  and  is  to-day  used  by  some  for  this  purpose. 

Solution  of  Potassium  Arsenite. — This  preparation  can  be 
more  conveniently  studied  in  connection  with  the  preparations  of 
arsenic. 

Solution  of  Potassium  Citrate. — The  Pharmacopoeia  verv 
properly  directs  the  extemporaneous  preparation  of  this  solution,  aa 
It  does  not  keep  well  and  soon  loses  its  refreshing  taste.  The  pro- 
portions of  citric  acid,  6  Gm.,  and  potassium  bicarbonate,  8  Gm.,  in 
the  official  formula  show  a  slight  excess  of  citric  acid  over  the  quan- 
tity necessary  to  form  a  neutral  salt,  which  impmves  the  flavor  of 
the  finished  product.  The  solution  contains  8.55  Gm.  of  pota?>ium 
citrate  and  0.43  Gm.  of  citric  acid  in  100  Cc,  besides  some  carUiuic 
acid,  which  corresponds  to  about  38  grains  of  the  salt  in  each  fluid- 
ounce. 

Although  the  name  misturapotassii  citratis  is  sometimes  appM 
to  this  solution,  the  latter  differs  from  the  preparation  formerly 
recognized  by  that  name  and  more  familiarly  kno^Ti  as  nrutrtu 
mixture.  The  former  preparation  was  made  by  neutralizing  fn>n 
lemon-juice,  strained  through  cotton,  with  potassium  bicarbonate,  and 
possessed,  therefore,  a  more  agreeable  flavor,  although  of  uncertain 
strength.  Some  physicians  still  prefer  the  old  neutral  mixture  to  tht 
present  official  solution  in  many  cases. 

Solution  of  Potassium  Hydroxide. — The  official  Liquor  Potar- 
sii  Hydroxidi  can  be  made  either  by  decomposition  of  a  solutuffl 
of  pure  potassium  carbonate,  obtained  by  heating  the  bicarbonati 
with  milk  of  lime  or  by  simple  solution  of  60  Gm.  of  potas.^'ium 
hydroxide  in  940  Gm.  of  distilled  water,  the  latter  being  g^*"- 
erally  preferred  by  pharmacists  as  a  matter  of  convenience,  wli»« 
the  former  is  followed  by  manufacturing  chemists  for  economw; 
reasons.  If  simple  solution  of  the  potassium  hydroxide  be  tnh 
ployed,  it  is  important  that  the  percentage  of  KOH  present  !• 
known,  in  order  to  insure  a  5  per  cent,  solution  ;  the  above  |>r"- 
portions  are  calculated  for  85  per  cent,  potassium  hydroxide,  ami  itit 
proper  quantity  of  a  higher  or  lower  grade  can  be  readily  found  V) 
the  directions  given  in  the  Pharmacopoeia,  namely,  to  divide  510('  i'^ 
the  percentage  of  potassium  hydroxide  contained  in  the  sample.  Ti^'*^ 
is  arrived  at  as  follows  :  the  official  5  percent,  solution  requires  50  dffl- 
of  absolute  or  100  per  cent.  KOH  for  1000  Gm*  of  finished  prodacu 
but  a  larger  quantity  of  a  poorer  sample  or  a  smaller  quantity  ot  a 
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richer  sample  than  the  official  potassium  hydroxide  will  be  required. 
In  other  words,  the  quantity  of  potassium  hydroxide  necessary  will 
be  in  inverse  proportion  to  the  percentage  of  KOH  present.  Know- 
ing that  60  Gm.  of  85  per  cent,  potassium  hydroxide  are  required, 
and  representing  the  unknown  percentage  strength  by  p  and  the 
unknown  quantity  by  x,  we  may  say  pfo  :  85  %  : :  60  :  a;,  from  which 

we  derive  x  = ,  or .     Thus,  if  the  potassium  hydroxide 

P  P 

contains  only  80  per  cent,  of  KOH,  it  will  require  63.75  (5100  h- 

80)  Gm.  of  potassium  hydroxide  and  936.25  Gm.  of  distilled  water, 
for  63.75  at  80  per  cent,  is  equal  to  60  at  85  per  cent,  51  being  the 
result  in  both  cases  and  yielding  practically  1000  Gm.  of  a  5  per 
cent,  solution. 

The  object,  in  the  first  process,  of  heating  the  bicarbonate  in  solu- 
tion until  effervescence  ceases,  is  to  convert  it  into  mouocarbonate, 
and  thus  obtain  a  purer  article  than  if  commercial  potassium  carbo- 
nate were  used.  By  mixing  the  two  liquids  hot,  and  boiling  the 
mixture  for  ten  minutes,  a  more  compact  precipitate  of  calcium  carbo- 
nate is  produced,  which  settles  rapidly  and  from  which  the  solution 
of  }x>tassium  hydroxide  can  be  more  readily  separated. 

The  process  involves  two  simple  reactions :  1 .  2KHCO3  ==  KjCOj 
-  CO,  +  HjO ;  2.  K2CO3  +  Ca(OH)2  =  2KOH  +  CaCOj.  Lime  is 
used  in  excess  of  the  theoretical  requirement  on  account  of  its  slight 
scjlubility,  and  experience  has  also  taught  that  considerable  dilution 
of  the  two  liquids  is  necessary,  as  the  reaction  cannot  be  completed 
in  concentrated  solutions. 

In   order  to  preserve  the  quality  of  the  solution  of  potassium 
hydroxide  it  is  essential  that  it  be  kept  in  securely  stoppered  bottles, 
to  avoid  absorption  of  carbon  dioxide ;  the  bottles  should  be  made 
of  green  glass,  as  flintware  is  easily  acted  upon,  and  the  stoppers 
should  be  thinly  coated  with  paraffin  or  petrolatum,  to  prevent  their 
becoming  "  fixed."     Solution  of  j)otassium  hydroxide  should  never 
be  filtered  through  paper,  which  is  rapidly  attacked  by  the  alkali ; 
lar^   volumes  are  best  decanted  or  siphoned  from  any  sediment, 
while  small  quantities  may  be  conveniently  filtered  through  glass- 
wool  or  asbestos. 

The  official  solution  of  potassium  hydroxide  has  a  specific  gravity 
of  about  1.046  at  25°  C.  (77°  F.),  and  should  contain  about  5  per 
cent,  of  potassium  hydroxide,  which  is  equal  to  about  27  grains  in 
each  fluidounce;  its  strength  is  determined  volumetrically  with 
normal  acid,  each  Cc.  of  which  corresponds  to  0.05574  Gm.  KOH. 

Besides  the  potassium  salts  officially  recognized,  the  following  are 
occasionally  used  in  medicine  and  pharmacy : 

^  .Potassiiun  Benzoate.    EC^H^O,  +  SH^O  or  CgH^COOE.  SRfi. 

This  salt  can  be  most  conveniently  obtained  by  adding  benzoic  acid 

o  a  solution  of  potassium  bicarbonate  and  evaporating  the  resulting 
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solution  ;  100  parts  of  benzoic  acid  require  82.9  parts  of  potassinm 
bicarbonate  for  complete  neutralization,  yielding  175.5  parts  of  a 
salt  having  the  above  composition. 

Pota4!8ilim  Chloride.  EGl. — ^Tliis  may  be  obtained  as  a  by- 
product in  the  manufacture  of  other  salts,  but  is  chiefly  derived 
from  the  mineral  camallite,  a  double  potassium  and  magoesiam 
chloride,  extensively  mined  in  Germany. 

Potassium  Salicylate.  2EG;H503  +  H20  or  2(C«E,(0I) 
000E).H20. — This  can  be  readily  prepared  in  the  manner  outlined 
for  potassium  benzoate,  simply  using  salicylic  acid  in  place  of  beD7A)ic 
acid,  100  parts  of  the  former  requiring  73.29  parts  of  potassium 
bicarbonate  and  yielding  127.6  parts  of  the  newly  formed  sah. 

Potassium  Snlphite.  E^SO,  +  2H2O. — When  sulphur  dioxide 
is  passed  into  a  solution  of  potassium  carbonate  until  the  carbon  di- 
oxide has  all  been  expelled,  and  another  portion  of  potassiuin  car- 
bonate equal  in  weight  to  that  first  used  is  then  added,  potassium 
sulphite  will  crystallize  on  concentration  of  the  solution.  If,  in  place 
of  more  potassium  carbonate,  strong  alcohol  be  added  to  the  solution 
containing  sulphur  dioxide  in  excess^  potassium  bisulphite,  KHSO^ 
will  crystallize  out. 

Potassium  Tartrate.     E^C^H^O^  +  H^O  or  (OHOH)/(K)OKV 

H^O. — Normal  potassium  tartrate  is  made  from  the  bitartrate  bv 
neutralizing  the  excess  of  acid  present  with  potassium  carbonate. 
The  salt  is  not  official  in  the  U.  S.  Pharmacopoeia,  but  is  still  reec*.:- 
nized  in  the  British  and  Grerman  Pharmacopoeias. 


CHAPTER    XLII. 


THE  COMPOUNDS  OF  SODIUM. 


The  official  salts  of  sodium  resemble  those  of  potassium  in  many 
respects  and  are  frequently  prepared  by  analogous  processes- 
Twenty  five  salts,  besides  3  liquid  and  2  solid  preparations,  are 
recognized  in  the  Pharmacopoeia,  as  follows : 


Official  Englisli  Name. 
Sodium  Acetate, 
Sodium  Arsenate, 
Exsiccated  Sodium  Arsenate, 
Sodium  Benzoatei 
Sodium  Bicarbonate, 
Sodium  Bisulphite, 
Sodium  Borate, 
Sodium  Bromide, 
Sodium  Carbonate,  Monohydrated, 
Sodium  Chlorate, 
Sodium  Chloride, 
Sodium  Citrate, 
Sodium  Hydroxide, 
Sodium  Hypophosphite, 
Sodium  Iodide, 
Sodium  Nitrate, 
Sodium  Nitrite. 
Sodium  Phenolsulphonate, 
Sodium  Phosphate, 
£ffervescent  Sodium  Phosphate, 
Exsiccated  Sodium  Phospnate, 
Sodium  Pyrophosphate, 
Sodium  Salicylate, 
Sodium  Sulpnate, 
Sodium  Sulphite, 
Sodium  Thiosulphate. 
Solution  of  Chlorinated  Soda, 
Solution  of  Sodium  Arsenate, 
Solution  of  Sodium  Hydroxide, 
Troches  of  Sodium  Bicarbonate, 


Official  Latin  Name. 
Sodii  Acetas. 
Sodii  Arsenas. 
Sodii  Arsenas  Exsiccatus. 
Sodii  Benzoas. 
Sodii  Bicarbonas. 
Sodii  Bisulphis. 
Sodii  Boras. 
Sodii  Bromidum. 
Sodii  (larbonas  Monohydratus. 
Sodii  Chlorns, 
Sodii  Chloridum. 
Sodii  Citras. 
Sodii  Hydroxidum. 
Sodii  Hypophosphis. 
Sodii  lodidum. 
Sodii  -Nitras. 
Sodii  Nitris. 
Sodii  Phenolsulphonas. 
Sodii  Phosphas. 
Sodii  Phosphas  EfTervescens. 
Sodii  Phosphas  Exsiccatus. 
Sodii  Pyrophosphas. 
Sodii  Salicvlas. 
Sodii  Sulphas. 
Sodii  Sulphis. 
Sodii  Thiosulphas. 
Liquor  Sodse  Chlorinatse. 
Liquor  Sodii  Arsenatis. 
Liquor  Sodii  Hydroxidi. 
Trochisci  Sodii  Bicarbonatis. 


Sodium  Acetate.  NaG2H302  +  SRfi  or  GHsCOONa.SHsO.— 
This  salt  may  be  prepared  by  neutralizine  acetic  acid  with  sodium 
carl>onate  or  bicarbonate^  concentrating  the  resulting  solution  and 
crystallizing ;  in  a  crude  form  it  is  extensively  obtained  in  the 
manufacture  of  acetic  acid^  and  may  be  purified  by  roasting  and 
other  processes.  Sodium  acetate  differs  from  potassium  acetate  in 
containing  nearly  40  per  cent,  of  water  of  crystallization,  and  in  its 
i^tability  upon  exposure  to  air;  hence  less  care  is  necessary  in  its 
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preservation;  it  is  about  one-third  as  soluble  in  water  and &r less 
soluble  in  alcohol  than  the  potassium  salt. 

The  valuation  of  the  so-called  oi^nic  sodium  salts  is  performed^ 
as  in  the  case  of  the  corresponding  potassium  salts^  by  conversion 
into  carbonate  and  subsequent  titration  with  acid.  The  foUowii^z 
equation,  2(NaC,H302  +  SH^O)  +  Og  =  Na^COj  +  3C0,+  9H;0\ 
shows  that  two  molecules,  or  270.2  parts,  of  crystallized  sodium 
acetate  yield,  upon  complete  ignition,  one  molecule,  or  105.31  pan.*. 
of  anhydrous  sodium  carbonate ;  hence  each  Cc.  of  J  HjSO,,  neu- 
tralizing 0.026327  Gm.  Na^COa,  corresponds  to  0.06755  Gm.  XaC- 
H3O2  -h  3H2O.  The  Pharmacopoeia  demands  that  the  official  sodium 
acetate  shall  be  99.5  per  cent,  pure,  and  1.0  Gm.  of  the  salt  mu.^t, 
therefore,  after  complete  ignition  require  14.74  Cc.  of  |  acid  to  neu- 
tralize the  alkaline  residue,  as  stated  in  the  official  test. 

Sodium  Arsenate.  NasHAsO^  +  THsO.-— The  official  salt  a> 
shown  by  the  chemical  formula,  is  disodium  orthoarsenate,  anti 
bears  a  close  analogy  to  the  official  sodium  phosphate ;  the  exact  com- 
position must  depend  upon  the  proportions  of  the  ingredients  use<I 
m  its  manufacture.  Sodium  arsenate  is  usually  obtained  by  fusing 
together,  at  a  red  heat^  arsenic  trioxide^  dried  sodium  carbonate,  and 
sodium  nitrate ;  effervescence  ensues,  and,  when  complete  quiet  fusion 
has  set  in,  the  residue  will  consist  of  sodium  pyroarsenate,  as  shovn 
by  the  following  equation  :  AsjOj  +  2NaNOs  +  Na^COj  =  Xa^AsjO^ 
+  NjO,  +  COj.  The  fused  mass,  having  been  poured  on  a  stoi\e 
slab  and  allowed  to  solidify,  is  dissolved,  while  still  warm,  in  water. 
whereby  the  sodium  pyroarsenate  is  converted  into  orthoarsenate 
by  the  appropriation  of  water ;  thus,  Na4As207  +  HjO  =  2Na;H 
AsO^,  The  solution  is  set  aside  to  crystallize,  when  a  salt  con- 
taining 40.4  per  cent,  of  water,  and  having  the  above  formula,  ^'iU 
be  obtained. 

In  the  British  Pharmacopoeia  the  title  Sodii  Arsenas  is  applies! 
to  the  anhydrous  salt,  described  below. 

The  official  salt,  upon  exposure  to  dry  air,  gradually  loses  a 
portion  of  its  water  of  crystallization  until  a  salt  of  the  composition 
Na,HAs04  +  2H2O  remains,  containing  only  16.2  per  cent  of  water  *. 
hence,  it  should  be  preserved  in  tightly  stoppered  bottles. 

Exsiccated  Sodium  Arsenate.    Na^HAsO^. — This  salt,  als 

known  as  anhydrous  sodium  arsenate,  is  prepared  by  allowing  tbr 
crystallized  salt  to  effioresce  at  a  temperature  between  40°  and  60^  (*. 
(104°  and  122°  F.)  until  completely  disintegrated;  the  temperatun- 
is  then  gradually  increased  to  150°  C.  (302°  F.)  and  continued  until 
the  product  ceases  to  lose  weight.  It  is  then  reduced  to  a  fin* 
powder.  The  object  of  first  allowing  the  crystals  to  effloresce  at  -^ 
moderate  temperature  is  to  prevent  fusion  of  the  salt  in  its  owr 
water  of  crystallization,  as  the  latter  would  be  much  more  difficiih 
to  drive  off  in  that  condition.     Each  Gm.  of  the  exsiccated  salt 
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corresponds  to  1.677+ Gm.  of  the  crystallised  salt,  but  in  all  other 
respects  the  two  salts  are  identical. 

The  reason  for  directing  the  use  of  exsiccate  sodium  arsenate  in 
pbarmacopoeial  preparations  is  to  insure  uniformity  in  the  arsenic 
content,  since  the  crystallized  sodium  arsenate  may  contain  variable 
proportions  of  water,  depending  upon  the  temperature  at  which  the 
crystals  have  been  formed  and  the  care  with  which  they  have  been 
preserved. 

Sodium  Benzoate.  NaC^^Oj  or  OeHgCOONa.— This  salt 
may  be  conveniently  prepared  oy  suspending  benzoic  acid  in  hot 
water  and  slowly  adding  sufficient  sodium  bicarbonate  to  form  a 
neutral  solution,  which  is  then  filtered  and  evaporated,  with  frequent 
stirring,  on  a  water-bath,  to  dryness.  100  parts  of  benzoic  acid 
require  about  70  parts  of  official  sodium  bicarbonate  and  yield 
about  118  parts  of  sodium  benzoate.  The  salt  can  also  be  obtained 
in  crystalline  form,  having  the  composition  NaCyHgOg  +  HjO ;  but, 
as  it  effloresces  readily,  the  Pharmacopoeia  has  recc^nized  only  the 
anhydrous  salt. 

The  valuation  of  sodium  benzoate  is  made,  like  that  of  the  acetate, 
by  ignition  and  titration  of  the  resulting  sodium  carbonate  with 
normal  acid.  The  equation  2NaCVH502  +  030  =  Na^COj  +  SH^O 
+  I3CO2  shows  that  286.02  parts  of  sodium  benzoate  will  yield 
105.31  parts  of  anhydrous  sodmm  carbonate ;  therefore  each  Cc.  ^ 
HjSO^  represents  0.071505  Gm.  NaC^H.O^.  Using  1  Gm.  of  the 
salt,  as  directed  in  the  official  test,  13.85  Cc.  J  H2SO4  will  be  required 
to  neutralize  the  alkaline  residue  if  99  per  cent.  NaCyHgO,  be  present, 
for  99  per  cent,  of  1  =  0.99  and  0.99  -f-  0.071505  =  13.84+. 

Sodium  Bicarbonate.    NaHCO,. — This  well-known  compound 

is  manufactured  on  a  large  scale  by  different  processes.     If  sodium 
carbonate  in  crystalline  form  be  treated  with  carbon  dioxide,  anhy- 
drous sodium  bicarbonate,  or  acid  carbonate,  will  be  formed  and 
water  eliminated ;  thus,  (Na^COj  +  lOHjO)  +  COj  =  2NaHC03 
+  9H2O  ;  by  using  a  mixture  of  anhydrous  and  crystallized  sodium 
carbonate,  a  part  of  the  eliminated  water  will  be  required  for  con- 
verting the  former  into   bicarbonate,  the  rest    being  allowed    to 
escape   by  drainage.     Sodium  bicarbonate  is  obtained  also  as  an 
intermediate  product  in  the  manufacture  of  the  normal  carbonate  by 
the  Solvay  ammonia-soda  process,  wherein  concentrated  solution  of 
sodium   chloride  is  mixed  with  ammonia  and  then  saturated  with 
carbon  dioxide  under  pressure.     Sodium  bicarbonate  is  precipitated 
and  ammonium  chloride  remains  in  solution.     In  either  case  the 
newly  formed  sodium  bicarbonate  is  washed  with  small  quantities 
of  water  for  the  purpose  of  removing  the  more  soluble  impurities. 

The  product  of  the  Solvay  process  requires  careful  purification, 
owing  to  contamination  with  ammonium  salts,  especially  ammonium 
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carbonate ;  hence  sodium  bicarbonate,  prepared  from  normal  car- 
bonate, is  preferred  for  medicinal  purposes. 

Commercial  sodium  bicarbonate  is  frequently  contaminated  with 
carbonate  and  chloride ;  but  if  a  pure  salt  is  wanted,  this  may  be 
readily  obtained  by  percolating  the  commercial  article  with  cold 
distilled  water  and  drying  the  purified  residue  with  moderate  heat 
only. 

The  Pharmacopoeia  does  not  require  absolute  purity  for  godium 
bicarbonate,  traces  of  carbonate,  chloride,  sulphate,  and  sulphite 
being  permitted.  The  official  salt  must,  however,  contain  at  least 
Ji9  per  cent.  NaHCOj.  as  indicated  by  the  demand  that  2  Gm. 
of  the  salt  shall  require  not  less  than  23.74  Cc.  of  normal  TISO^ 
for  complete  neutralization,  each  Cc.  representing  0.08343  Gm, 
NaHCOj. 


Sodium  Bisnlphite.  NaHSO,. — This  salt,  known  also  as 
sodium  sulphite,  is  rarely  used  in  medicine.  It  is  prepared  by  pass- 
ing sulphur  dioxide  into  a  solution  of  sodium  carbonate  to  saturation 
and  until  all  carbon  dioxide  has  been  expelled,  the  reaction  being  as 
follows:  Na2C03+H,0+2S02  =  2NaHS03  +  C02.  This  solution 
is  then  concentrated  and  allowed  to  crystallize. 

Sodium  bisulphite  is  not  a  very  stable  compound,  and  upon  ex- 
posure to  air  is  gradually  oxidized  and  converted  into  sulphate, 
sulphur  dioxide  being  given  off  at  the  same  time.  The  tuAidity 
caused  in  a  solution  of  the  salt  by  addition  of  hydrochloric  acid, 
intlicating  the  presence  of  thiosulphate,  is  due  to  finely  precipitated 
sulphur. 

The  Pharmacopoeia  demands  at  least  90  per  cent,  of  absolute 
KaHSOa  in  the  official  compound,  which  is  determined  volumetric- 
ally  by  means  of  iodine,  tlie  latter  actine  as  an  oxidizing  agent 
converting  the  acid  sulphite  into  an  acid  sulphate;  thus,  NaHSOj- 
I2  H-  H2O  =  NaHSO^  +  2HI.  Since  103.35  parts  of  the  acid  sul- 
phite require  251.8  parts  of  iodine  for  complete  oxidation,  each  Co* 
Y^  I  solution  containing  0.01259  Gm.  of  iodine  is  capable  of  oxidi- 
zing 0.0051675  Gm.  NaHSOs,  and  43.55  Cc.  will  be  reanired  to 
indicate  90  per  cent,  if  0.25  Gm.  of  the  salt  be  used  for  the  assay, 
as  directed,  for  90  per  cent,  of  0.25  is  0.225  and  0.225^-0.006167.) 
=  43.54  +.  The  Fharraacopoeia  dii-ects  the  salt  to  be  added  v^ 
50  Cc.  of  the  iodine  solution  and  the  mixture  set  aside  in  a  glas.*- 
stoppered  bottle  for  1  hour  with  occasional  agitation,  in  order  thai 
complete  oxidation  may  be  effected.  The  excess  of  iodine  is  then 
titrated  with  y^  sodium  thiosulphate  solution,  of  which  not  more 
than  6.45  Cc.  should  be  reauired,  showing  that  43.55  Cc.  of  rlie 
iodine  solution  have  been  used  by  the  sodium  bisulphite  added.  Thi^ 
plan  has  been  found  more  accurate  than  the  gradual  addition  of 
iodine  solution  to  a  solution  of  the  salt,  which  invariably  gives  low 
results,  owing  to  the  escape  of  sulphur  dioxide. 
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Sodium  Borate.  NajB^O,  +  lOH^O. — ^The  more  familiar  name 
borax  is  usually  applied  to  this  compound,  which,  although  some- 
times called  sodium  biborate,  is,  as  shown  by  the  chemical  formula, 
sodium  tetraborate  or  pyroborate.  It  is  found  extensively  in  differ- 
ent parts  of  the  world,  particularly  in  California,  where  immense 
quantities  are  obtained  from  the  blue  mud  of  certain  lakes.  Solution 
and  recrystallization  are  resorted  to  for  the  purpose  of  purification. 
Considerable  quantities  of  borax  are  obtained  also  from  crude  boric 
acid,  by  treating  it  with  sodium  carbonate,  and  from  various  min- 
erals containing  borates  of  sodium,  calcium,  and  magnesium. 

Borax  is  of  special  interest  in  pharmacy  on  account  of  its  peculiar 
behavior  with  other  substances.     It  is  incompatible  with  mucilage 
of  acacia,  causing  gelatinization,  which  can,  however,  be  prevented 
by  the  presence  of  sugar  ;  it  precipitates  many  alkaloids  from  their 
solution,  such  as  cocaine,  morphine,  atropine,  quinine,  etc.,  except 
in  the  presence  of  glycerin  ;  it  forms  a  damp,  almost  moist,  mixture 
when  triturated  with  alum  ;  in  the  presence  of  glycerin  it  decomposes 
alkali  bicarbonates  with  effervescence  ;  and,  lastly,  while  an  aqueous 
solution  of  borax  shows  an  alkaline  reaction  towaixl  litmus,  a  solu- 
tion in  glycerin  has  a  decided  acid  reaction,  which  is  changed  to 
alkaline  upon  lar^  dilution  with  water.     This  last  behavior  is  also 
observed  with  other  bodies  resembling  glycerin,  such  as  mannitol, 
glucose,  etc. 


Bromide.  NaBr. — This  salt  is  prepared  in  a  manner 
similar  to  potassium  bromide,  either  by  decomposing  a  solution  of 
ferrous  bromide  with  sodium  carbonate  or  by  treating  a  solution  of 
sodium  hydroxide  with  bromine  and  finally  reducing  with  charcoal 
any  sodium  bromate  formed. 

Sodium  bromide  is  somewhat  hygroscopic,  but  does  not  deliquesce 

upon    exposure   to  the  air.     As  in  the  case  of  the  corresponding 

potassium  salt,  some  chloride  is  usually  present,  which  is  volumetric- 

allv  determined  with  y^  silver  nitrate  solution,  each  Cc.  of  which  is 

equivalent  to  0.010224  Gm.  NaBr  or  0.005806  Gm.  NaCl.     The 

rule   given  under  Potassium  Bromide  (page  489)  may  be  used  for 

finding  the  exact  percentage  of  sodium  chloride  contained  in  any 

sample.     The  Pharmacopoeia  requires  the  dry  salt  to  contain  not 

less  than  97  per  cent,  of  pure  NaBr,  and  demands  that  not  less  than 

28.5  Co,y  ana  not  more  than  30  Cc,  of  ^  AgNOj  solution  shall  be 

necessary  to  precipitate  completely  0.3  Gm.  of  the  well-dried  salt, 

potassium  chromate  being  used  as  an  indicator.     The  lower  limit, 

28.5,  Cc.  allowed  in  the  titration  will  represent  0.2914  Gm.  of  pure 

NaBr,  which  is  equal  to  97.13  per  cent,  of  the  0.3  Gm.  of  the  salt 

used,  while  the  higher  limit,  30  Cc,  allows  the  presence  of  not  more 

than    2.96  per  cent,  sodium  chloride,  since  each  0.223  Cc.  of  the 

silver  solution  used  in  excess  of  the  theoretical  quantity  (29.34  Cc.) 

will  represent  1  per  cent*;  of  sodium  chloride,  the  diiference  between 

30  and  29.34,  or  0.66,  (flvided  by  0.223  must  indicate  2.96  per  cent. 
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Monohydrated  Sodium  Oarbonate.    NajCOj  +  H^O.-This  is 

the  only  form  of  sodium  carbonate  now  recognized  in  the  Pharma- 
copoeia and  is  to  be  decidedly  preferred  to  the  former  official  efflores- 
cent salt  containing  10  molecules,  or  62.93  per  cent,  of  water  uf 
crystallization.     It  is  also  to  be  preferred  to  the  dried  sodium  car- 
bonate formerly  official,  as  it  represents,  weight  for  weight,  a  larger 
proportion  of  sodium  carbonate  and  contains  less  water.   It  may  be 
made  by  crystallizing  ordinary  sodium  carbonate  at  a  temperature 
above  35°  C.  (95°  F.),  and  is  comparatively  stable  in  the  air.  When 
exposed  to  warm  dry  air  at  or  above  a  temperature  of  50°  C.  (!--' 
F.)  it  effloresces,  and  at  100°  C.  (212°  F.)  loses  all  of  its  water, 
14.52  per  cent.     The  Pharmacopoeia  demands  not  less  than  99.5  per 
cent,  of  the  crystallized  monohydrated  salt,  equivalent  to  85  per 
cent,  of  anhydrous  sodium  carbonate.     To  determine  its  purity,  it  ij 
titrated  with   \  sulphuric  acid,  each  Cc.  of  which  corresponds  to 
0.030797  Gm.  of  the  monohydrated  or  0.02633  Gm.  of  tbeanhv- 
drous  salt. 

Sodium  Chlorate.  NaClO,.— This  salt  may  be  prepared  in  a 
similar  manner  to  potassium  chlorate  or  by  decomposing  a  solatioa 
of  acid  sodium  tartrate  or  sodium  silioofluoride  with  potassium 
chlorate,  (NaHC^H  A  +  KaO,  =  NaClO,  +  KHQH  A  or  lS^M, 
+  2KCIO3  -=  2NaC103  +  KjSiFg),  removing  the  precipitated  pota^*- 
sium  compound  by  filtration,  concentrating  the  solution,  and  allow- 
ing the  chlorate  to  cry^Uize. 

Sodium  chlorate  is  vastly  more  soluble  in  both  water  andalcobol 
than  the  corresponding  potassium  salt;  but,  like  the  latter,  is  readily 
decomposed  when  triturated  with  organic  or  other  easily  oxidizable 
substances,  hence  it  must  be  handled  with  care. 

Sodium  Ohioride.  NaOl.— There  is  probably  no  substanoe  s» 
universally  distributed  over  the  world  as  common  salt,  nature  pr^^ 
viding  it  both  in  crystalline  form,  as  rock-salt,  or  in  solution,  9* 
sea-water  and  the  brine  of  salt-wells.  Rock-salt  is  extensively 
mined,  but  the  largest  supply  of  salt  is  obtained  by  evaporation  of 
the  natural  solutions. 

Sodium  chloride  is  employed  in  the  nianufacture  of  certain  chemi- 
cals, but  is  used  rarely  in  medicine,  although  an  indispensable  r«iui* 
site  in  the  animal  system.  It  is  of  chief  interest  to  pharmacists  i| 
a  reagent  in  the  volumetric  valuation  of  silver  salts.  Commenial 
sodium  chloride  sold  as  table  salt  is  sometimes  contaminated  wiiu 
magnesium  chloride,  which  accounts  for  its  hygroscopic  character. 

The  Pharmacopoeia  requires  that  official  sodium  chloride,  wbt^n 
dried,  shall  contain  not  less  than  99  per  cent,  of  pure  NaCl,  to  -^ 
determined  by  titration  with  ^^  AgNO,  solution,  using  potasi|iiif^» 
chromate  as  indicator,  each  Cc.  of  which  corresponds  to  COOo****^ 
Gm.  of  NaCl ;  hence  1  Gra.  of  the  dried  salt  will  require  not  lo?^ 
than  17.05  Cc.  for  0.99  ^  0.005806  =  17.05, 
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Sodium  Citrate.  2Sb^0^0j  +  11H,0.— This  salt  is  rarely 
used  in  medicine,  although  identical  with  potassium  citrate  in  thera- 
peutic value,  but  has  received  recognition  in  the  Pharmacopoeia 
because  it  is  used  in  some  official  preparations.  It  may  be  prepared 
by  neutralizing  a  solution  of  citric  acid  with  sodium  carbonate  or 
bicarbonate,  which  is  then  concentrated  and  allowed  to  crystallize. 
To  make  100  Gm.  of  the  salt  will  require  59.09  Gm.  of  citric  acid 
and  52.37  Gm.  of  monohydrated  sodium  carbonate,  or  71.3  Gm.  of 
sodium  bicarbonate.  The  salt  contains  nearly  26.5  per  cent,  of 
water  of  crystallization  and  effloresces  slightly  when  exposed  to 
dry  air.  The  Pharmacopoeia  demands  97  per  cent,  purity, 
which  is  determined  by  converting  the  salt  into  carbonate  and 
then  titrating  with  |-  acid,  each  Cc.  of  which  corresponds  to 
0.0591  Gm.  of  the  crystallized  citrate;  hence  in  the  official  test 
16.4  Cc.  of  the  acid  solution  will  be  necessary  to  indicate  0.9697 
Gm,  of  the  salt,  which  is  practically  97  per  cent,  of  the  1  Gm. 
taken. 

The  German  Pharmacopoeia  recognizes  a  freshly  prepared  effer- 
vescent solution  of  sodium  citrate  under  the  name  Potio  Riveri, 
River's  Draught,  which  is  made  by  dissolving  4  Gm.  of  citric 
acid  in  190  Uc.  of  water  and  gradually  adding  to  this  solution 
9  Gm.  of  crystallized  sodium  carbonate  (equivalent  to  3.9  Gm. 
of  the  monohydrated  salt).  The  preparation  is  dispensed  before 
effervescence  has  entirely  ceased,  so  as  to  retain  considerable  of  the 
carbon  dioxide  in  the  solution.  It  closely  resembles  in  character 
the  solution  of  potassium  citrate  of  the  U.  S.  P.,  but  is  considerably 
weaker. 

Sodimn  Hydroxide.  NaOH. — The  usual  method  of  manufac- 
.  ture  of  sodium  hydroxide,  or  caustic  soda,  as  it  is  commonly  called, 
is  by  decomposition  of  a  solution  of  sodium  carbonate  by  means  of 
milk  of  lime,  the  filtrate,  as  in  the  case  of  caustic  potash,  being 
evaporated  in  silver  or  iron  vessels,  and  finally  allowed  to  congeal 
in  suitable  moulds.  The  product  thus  obtained  is  commercially 
known  as  soda  by  lime.  A  purer  article  may  be  obtained  either  by 
purification  of  commercial  caustic  soda  with  alcohol  or  by  direct 
action  of  metallic  sodium  on  pure  water. 

Like  potassium  hydroxide,  sodium  hydroxide  is  very  deliques- 
cent, and  rapidly  absorbs  carbon  dioxide  upon  exposure  to  the  air ; 
hence  the  same  care  must  be  observed  in  its  preservation  in  tightly 
stoppered  green-glass  bottles. 

The  Pharmacopoeia  makes  the  same  requirements  for  the  absence 
of  other  inoi^nic  substances,  with  the  exception  of  water,  as  in  the 
case  of  potaf^ium  hydroxide,  and  demands  that  official  sodium 
hydroxide  shall  contain  not  less  than  90  per  cent,  of  absolute  NaOH, 
which  is  determined  volumetrically  with  normal  acid,  each  Cc.  of 
which  is  capable  of  neutralizing  0.03976  Gm.  NaOH. 


608  PHARMACEUTICAL  CHEMISTRY. 

Sodium  Hypophosphite.  NaHjPOs  +  HjO.— Like  the  corre- 
sponding potassium  salt,  this  salt  may  be  conveniently  made  hj  de 
composing  a  solution  of  calcium  hypophosphite  with  sodium  car- 
bonate or  sulphate.  After  removal  of  the  calcium  salt  by  filtration 
the  solution  is  evaporated  on  a  water-bath  to  dryness,  with  oonstant 
stirring  for  the  purpose  of  granulation. 

Sodium  hypophosphite  is  hygroscopic,  but  more  permanent  than 
the  potassium  salt  upon  exposure  to  air,  and  explodes  readily  when 
triturated  with  nitrates,  chlorates,  or  permanganates,  owing  to  its 
tendency  to  oxidation. 

The  Pharmacopoeia  requires  the  oi&cial  salt  to  contain  not  less 
than  98  per  cent,  of  pure  NaHjPOj,  but,  as  in  the  case  of  potassium 
hypophosphite,  gives  no  assay  process  for  its  determination,  as  the 
gravimetric  methods  alone  are  reliable ;  the  latter  are  tedious  and 
hence  not  well  suited  for  the  pharmacist.  See  explanation  under 
Potassium  Hypophosphite. 

Sodium  Iodide.  Nal. — This  salt  may  be  prepared  by  adding 
iodine  to  a  solution  of  sodium  hydroxide ;  but  since,  on  the  reduction 
of  the  resulting  sodium  iodate  with  charcoal,  some  sodium  carbonate 
may  be  formed,  it  is  preferable  to  obtain  the  salt  by  double 
decomposition  of  ferrous  or  ferroso-ferric  iodide  with  sodium  ca^ 
bonate.  The  reaction  taking  place  in  either  case  may  be  explained 
by  the  following  equations:  Fel,  +  (NajCOj  +  10H5O)  =  2NaI-^ 
FeCO.,  +  IOH2O ;  Fe^Ig  +  4(Na,C03  +  lOH^O)  =  8NaI  +  40)3  + 
Fe3  (dH)g  +  36H2O.  The  mixture  is  boiled  so  as  to  facilitate  sepa- 
ration of  the  iron  compound  by  filtration,  after  which  the  filtrate  is 
evaporated  to  dryness,  with  constant  stirring,  thus  yielding  a  finely 
granulated  salt. 

Sodium  iodide  crystallizes,  in  an  anhydrous  state,  at  tempera- 
tures above  40°  C.  (104°  F.^,  and  this  is  the  salt  recognized  by  the 
Pharmacopoeia;  but  at  ordmary  temperatures  it  takes  up  nearljr 
19.5  per  cent,  of  water,  and  then  has  the  composition  Nal  -f  2HP; 
the  latter  salt  is  decidedly  less  hygroscopic  than  the  oflScial  anhy- 
drous salt,  which  readily  absorbs  moisture  from  the  air.  This  fact 
•explains  the  very  marked  development  of  heat  when  strong  solu- 
tions of  the  anhydrous  salt  are  made,  due  to  a  chemical  union  of 
the  salt  with  water,  whereas  similar  solutions  of  potassium  iodide 
produce  a  decided  reduction  of  temperature. 

S(xlium  iodide,  as  well  as  its  aqueous  solution,  gradually  under- 
goes decomposition  upon  exposure  to  light,  becoming  colored,  bem* 
both  should  be  preserved  in  dark  amber-colored  bottles. 

The  official  salt  must  contain  not  less  than  98  per  cent  of  pure 
sodium  iodide,  as  indicated  by  the  demand  that  0.6  Gm.  of  the  well- 
dried  salt  shall  require  not  less  than  33  nor  more  than  34.6  Cc.  i\ 
AgN03  solution  for  complete  precipitation.  Each  Cc.  of  the  silver 
solution  corresponds  to  0.014878  Gm.  of  absolute  Nal,  and  hence  0.> 
Gm.  of  the  latter  would  require  33.6  Cc.,  and  any  increase  above  this 
indicates  the  presence  of  sodium  bromide  or  chloride,  or  both,  since 
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these  salts  have  a  lower  molecular  weight  than  the  iodide.  The 
lower  limit  allowed  by  the  Pharmacopoeia,  33  Cc.  of  the  silver  solu- 
tion represents  0.490  (33  X  0.014878)  Gm.  of  Nal,  equal  to  98  per 
cent.  Assuming  sodium  chloride  to  be  the  only  foreign  haloid  salt 
present,  the  higher  limit,  34.6  Cc.,  indicates  an  excess  of  1  (34.6  — 
33.6)  Cc.  over  the  theoretical  quantity,  which  corresponds  to  1 .98 
per  cent,  of  sodium  chloride^  as  each  0.5252  Cc.  represents  1  per 
cent. 

Sodium  Nitrate.  NaNO,. — The  immense  nitre-beds  of  Chili 
and  Peru  furnish  this  salt  in  a  more  or  less  crude  state ;  it  is  com- 
mercially known  as  Chili  saltpetre,  or  cubic  nitre,  and  is  purified 
by  repeated  solution  and  crystallization. 

Sodium  nitrate  is  of  comparatively  little  interest  in  pharmacy, 
but  is  extensively  employed  in  the  manufacture  of  nitric  and  sul- 
phuric acids,  potassium  nitrate,  etc.  It  differs  from  ordinary  salt- 
petre in  being  hygroscopic  and  in  its  greater  solubility  in  water  and 
alcohol. 

Sodium  Nitrite.  NaNOj. — This  salt  is  interesting  chiefly  as 
the  source  of  nitrous  acid  in  the  official  process  for  the  manufacture 
of  ethyl  nitrite  in  the  preparation  of  spirit  of  nitrous  ether.  When 
sodium  nitrate  is  heated  with  charcoal,  starch,  or  similar  reducing 
agents,  sodium  nitrite  is  formed ;  but  a  better  process  consists  in 
heating  fused  sodium  nitrate  for  some  time  with  lead  in  thin  sheets, 
whereby  the  lead  is  gradually  converted  into  lead  oxide  or  litharge 
and  the  sodium  salt  is  reduced  to  nitrite ;  thus,  2NaN03  +  Pbg  = 
2NaX02  +  2PbO.  The  fused  mass  is  lixiviated  with  water,  the 
solution  treated  with  carbon  dioxide  to  remove  any  lead  pos.sibly 
held  in  solution,  filtered,  and  finally  allowed  to  crystallize.  By 
repeated  recrystallization  a  very  pure  salt  can  be  obtained  contain- 
ing 98  per  cent,  and  over  of  absolute  sodium  nitrite. 

On  account  of  its  deliquescent  character  and  ready  oxidation  to 
nitrate  upon  exposure  to  air,  the  salt  must  be  carefully  preserved  in 
tightly  closed  bottles. 

The  value  of  sodium  nitrite  depends  upon  the  proportion  of 
NaNOj  present,  which  should  not  be  less  than  90  per  cent.,  and  is 
determined  volumetrically  by  titration  with  Y(f  potassium  perman- 
ganate solution.  From  the  equation  2KMnO^  -f  SNaNOj  +  SH^ 
SO,  =  SNaNO,  -f-  K^SO,  -f  2MnSO,  -f-  SUfi  it  api)ears  that  313.96 
Gm.  of  potassium  permanganate  are  capable  of  oxidizing  342.85 
Gm.  of  sodium  nitrite,  and  hence  1  Cc.  of  y^  KMnO,  solution,  con- 
taining 0.0031396  Gm.  of  the  salt,  corresponds  to  0.0034285  Gm. 
of  pure  NaNOj.  To  indicate  90  per  cent,  of  1  Gm.  in  the  official 
test  will  require  26.25  (0.90  -^  0.0034285)  Cc.  of  the  potassium  per- 
manganate solution,  which  is  the  quantity  actually  consumed,  for 
30  -  3.75  =-  26.25. 
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SocUnm  Phenolsulphonate.    NaSOsC^/OH)  +  2H2O  or  C^ 

(0H)S020Na  +  2H2O.— This  salt  was   formerly  official  under  the 
name  Sodium  Sulphocarbolate  and  is  still  so  recognized  in  the  British 
Pharmacopoeia.     When  pure  phenol  is  mixed  with  an  equal  weight 
of  sulphuric  acid,  a  new  compound  is  formed,  to  which  the  name 
sulphocarbolic  or  sozolic  acid,  or  more  correctly  speaking,  phenolstil- 
phonic  acid,  has  been  given,  and  which  has  tne  composition  HSOj- 
C6H^(OH)  or  C6H^(OH)S020H ;  the  acid  is  monobasic  and  is  pii>- 
duced  according  to  the  equation  C6H5(OH)  +  HjSO^  =  HSOjt;Hr 
(OH)  +  HjO,  the  group  SOgOH  displacing  an  atom  of  hydrogen  in 
the  benzene  nucleus,  and  not  in  the  hydmxyl  group.     Two  varietie> 
of  this  acid  are  known,  the  ortho-  and  paraphenolsulphonic  acids, the 
formation  of  which  depends  upon  the  temperature  at  which  the  x&t- 
tion  is  allowed  to  go  on  ;  in  the  cold,  only  the  ortho  variety  is  pro- 
duced, while  with  moderate  heat  a  mixture  of  the  ortho  and  para 
acids  results,  and  at  the  temperature  of  boiling  water  only  the  para 
acid  is  obtained.    Both  varieties  form  clear  solutions  with  M-ater,  but 
differ  from  each  other  in  the  character  of  their  salts,  both  as  regank 
solubility  and  form  and  constitution  of  the  crystals. 

The  Pharmacopoeia  recognizes  only  thepara-phenolsulphonateof 
sodium,  which  is  prepared  by  heating  a  mixture  of  equal  weighted 
phenol  and  sulphuric  acid  on  a  boiling  water-bath  for  six  hour^. 
diluting  the  new  compound  with  water,  and  neutralizing  the  hot 
liquid  with  an  excess  of  barium  carbonate.  After  filtration  the  solu- 
tion of  barium  phenolsulphonate  is  decomposed  by  means  of  sodium 
carbonate,  filtered,  concentrated,  and  set  aside  to  crystallize.  Tin 
decomposition  involves  a  very  simple  reaction ;  thus,  Ba(S03C|H, 
(OH))2  +  Na^CO,  =  2NaS03CeH,(OH)  +  BaCO,.  Lead  carbonate 
may  be  used  in  place  of  the  barium  carbonate  to  neutralize  tht 
newly  formed  phenolsulphonic  acid,  as  lead  phenolsulphonate  is  al^' 
soluble  in  water. 

The  official  sodium  phenolsulphonate  contains  about  15.5  per  ceiu 
of  water  of  crystallization,  whereas  the  corresponding  potas^iir' 
salt  is  perfectly  anhydrous. 

Sodium  Phosphate.  NasHPO^  +  I2H2O.— Phosphoric  acid, 
being  tribasic,  is  capable  of  yielding  three  classes  of  alkali  salt:. 
known  respectively  as  primary,  secondary,  and  tertiary  alkali  phit^- 
phate.  The  official  salt,  as  shown  by  the  chemical  formula,  ij^  the 
secondary  or  disodium  hydrogen  phosphate,  which  usually  shows  a 
neutral  or  only  faintly  alkaline  reaction  toward  litmus,  the  primarr 
phosphate  having  an  acid  and  the  tertiary  phosphate  a  decidedly 
alkaline  reaction.  Disodium  orthophosphate,  as  the  official  salt  l^ 
also  known,  is  made  by  decomposing  a  solution  of  acid  calcium  pIk*^ 
phatc  with  sodium  carbonate.  The  calcium  salt  is  obtainec  l>y 
digesting  calcined  bone,  or  bone  ash,  with  sulphuric  acid,  wherel>y 
the  tricalcium  phosphate  (of  which  bone  contains  about  40  per  cent, 
is  converted  into  acid  calcium  phosphate  and  calcium  sulphate,  tlw 
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latter  being  precipitated ;  thus,  CajCPOJ,  +  2H2SO4  =  CaH,(POJ, 
+  2CaS04 ;  tbie  magma  is  then  strained,  and  the  resulting  liquid, 
containing  the  acid  calcium  phosphate  ih  solution,  is  mixed  with 
sodium  carbonate  as  long  as  precipitation  occurs,  whereby  secondary 
sodium  phosphate  is  produced,  and  remains  in  solution,  while  second- 
ary calcuim  phosphate  is  precipitated  and  carbon  dioxide  expelled ; 
thus,  CaH,(POJ,  +  Na,C03  =  Na^HPO,  +  CaHPO,  +  CO,  +  H3O. 
The  mixture  is  filtered,  and  the  filtrate  concentrated  and  allowed  to 
crystallize. 

The  official  sodium  phosphate  contains  60.3  per  cent,  of  water  of 
crystallization,  a  portion  of  which,  about  one-fourth,  is  lost  by  efflo- 
rescence upon  exposure  to  air ;  moreover,  carbon  dioxide  is  gradually 
absorbed,  the  salt  being  converted  into  monosodium  phosphate  and 
acid  sodium  carbonate ;  hence,  it  must  be  preserved  in  well-stoppered 
bottles,  in  a  cool  place.  The  Pharmacopoeia  requires  that  the  salt 
in  an  uneffloresced  condition  shall  contain  not  less  than  99  per  cent, 
of  pure  disodium  hydmgen  phosphate. 

At  the  temperature  of  boiling  water  the  salt  can  be  made  anhydrous ; 
but  when  exposed  in  this  condition  it  again  absorbs  water,  gradually 
forming  a  salt  of  the  composition  Na^HPO^  +  THjO,  containing 
about  47  per  cent,  of  water,  which  is  permanent.  Dried,  granulated 
sodium  phosphate  occurs  as  an  article  of  commerce,  but  should  not 
be  used  when  sodium  phosphate  is  prescribed  by  physicians  or  in 
official  formulas,  as  it  contains,  weight  for  weight,  a  much  larger 
proportion  of  Na^HPO^  than  the  official  salt. 

Effervescent  Sodium  Phospliate. — This  preparation  contains 
about  20  per  cent,  of  exsiccated  sodium  phosphate,  equal  to  about 
50  per  cent,  of  the  crystallized  official  salt,  and  has  already  been 
considered  in  the  chapter  on  Granular  Efiervescent  Salts  (see  page 
410). 

Exsiccated  Sodium  Phosphate. — This  salt,  representing  2^ 
times  its  weight  of  the  official  crystallized  sodium  phosphate,  has 
been  introduced  chiefly  for  the  purpose  of  being  used  in  making  the 
preceding  effisrvescent  preparation,  for  which  the  crystallized  salt  is 
wholly  unsuited,  on  account  of  the  large  quantity  of  water  present. 
The  Pharmacopoeia  directs  that  it  shall  be  prepared  by  allowing  the 
crystallized  salt  to  effloresce  slowly  in  warm  air  and  then  gradually 
raising  the  temperature  to  100°  C.  (212°  F.)  until  all  moisture  has 
been  driven  off.  It  is  then  reduced  to  fine  powder,  which  must  be 
preserved  in  tightly  stoppered  bottles,  as  it  absorbs  moisture  from 
the  air  very  readily. 

Sodium   Pjrrophospliate.      Na^PjO^  +  lOHjO.— This   salt   is 

prepared  by  exposing  crystallized  sodium  phosphate  to  gradually 
increased  temperatures,  when  it  first  undergoes  fusion  at  about  44° 
C.  (111.2°  F.),  at  100°  C.  (212°  F.)  it  becomes  anhydrous,  and  at 
a  red  heat,  300°  C.  (672°  F.),  is  changed  into  a  tetrabasic  salt  of 
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pyrophosphoric  acid  by  the  further  elimination  of  water.  Two 
molecules  of  the  crystallized  phosphate  yield  one  molecule  of  the 
pyrophosphate ;  thus,  2{S&^YiPO^  +  I2H2O)  =  Na^P^  +  25HjO. 
The  dry  residue  is  dissolved  in  water,  and  the  solution  set  aside  to 
crystallize. 

The  crystals  of  sodium  pyrophosphate  are  difficult  to  reduce  to 
fine  powder,  and  are  far  less  soluble  in  water  than  those  of  the 
orthophosphate. 

Sodium    Salicylate.     NaO^HA   or  OgH,(OH)OOONa.--Tlie 

official  salt  may  be  conveniently  obtained  by  mixing  sodium  bicar- 
bonate 10  parts  and  salicylic  acid  16.5  parts  with  distilled  vrater 
10  parts,  in  a  glass  or  porcelain  vessel,  and,  when  effervescence  has 
ceased,  evaporating  the  solution,  at  a  temperature  not  exceeding 
60°  C.  (140°  F.),  to  dryne&s.  It  is  essential  that  the  solution  be 
slightly  acid  ;  hence,  if  necessary,  a  trifling  addition  of  salicylic 
acid  may  be  made,  since  alkali  salicylates,  in  the  presence  of  an 
excess  of  alkali,  absorb  oxygen  from  the  air  and  become  colored. 
Sodium  bicarbonate  and  pure  monocarbonate  are  better  suited  than 
sodium  hydroxide  for  neutmlizing  the  acid,  since  strong  bases  are 
likely  to  form  different  salts  with  salicylic  acid,  such  as  NajCwH^j, 
although  the  acid  is  monobasic  ;  these  so-called  secondary  salicylates 
are  less  permanent  and  less  soluble  in  water  than  the  normal  salts. 

All  contact  with  iron  must  be  carefully  avoided  in  the  prepara- 
tion of  this  salt,  owing  to  the  delicate  reaction  of  salicylic  acid 
with  that  metal,  and  filtration  through  ordinary  filter-paper  will  fre- 
quently color  a  solution  of  the  salicylate;  hence  cotton  or  glass-wool 
is  preferable  for  straining. 

The  Pharmacopoeia  demands  almost  absolute  purity  for  this  salt, 
99.5  per  cent.,  which  may  be  determined  by  converting  it  into  car- 
bonate by  ignition,  and  then  titrating  with  \  acid,  each  Cc.  of  which 
corresponds  to  0.079445  Gm.  of  the  original  salt;  hence  in  tlie 
official  test  12.52  Cc.  of  the  acid  solution  will  be  necessary  to  indicate 
0.995  Gm.  of  sodium  salicylate  (99.5  per  cent,  of  1  Gm.)  as  0.995-^ 
0.079445  ==12.52. 

Sodium  Sulpliate.  Na^SO^  4-  lOHjO.— This  salt  is  daily 
obtained  as  a  by-product  in  numerous  chemical  processes,  such  as  the 
manufacture  of  hydrochloric  and  nitric  acids  and  magnesium  car- 
bonate, as  well  as  the  generation  of  carbon  dioxide  from  sodium 
bicarbonate  with  sulphuric  acid,  in  the  manufacture  of  carbonatecl 
waters.     It  is  purified,  if  necessary,  by  recrystallization. 

The  official  salt,  commonly  known  as  Glauber's  Salt,  contaii» 
55.9  per  cent,  of  water  of  crystallization  and  effloresces  rapidly 
upon  exposure  to  air. 

For  convenience  in  dispensing,  the  German  Pharmacopoeia  directs 
the  preparation  of  dried  sodium  sulphate,  by  exposing  the  crystal- 
lized salt  to  a  moderate  heat  until  its  weight  has  been  reduced  ta 
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one-half,  as  in  the  case  of  dried  sodium  carbonate.  The  dehydrated 
salt  is  in  the  form  of  a  white  powder  and  represents  double  the 
weight  of  the  crystallized  salt. 

Effervescent  sodium  sulphate  is  directed  by  the  British  Pharma- 
copceia  to  be  made  from  the  anhydrous  salt  in  the  same  manner  as 
stated  under  sodium  phosphate.     It  contains  about  25  per  cent. 


Sulphite.  Na^SOs  +  THjO.— Normal  sodium  sulphite 
is  obtained  by  first  preparing  a  solution  of  the  acid  sulphite,  as 
explained  under  sodium  bisulphite,  and  then  adding  a  weight  of 
soaium  carbonate  equal  to  that  first  used,  M'hen  a  neutral  salt  will 
be  formed  ;  thus,  2NaHS03  +  Na^CO,  =  2Na2S03  +  CO,  +  H,0. 
The  solution  is  then  evaporated  and  allowed  to  crystallize. 

The  official  salt  contains  50  per  cent,  of  water  of  crystallization, 
and  is  liable  to  be  contaminated  with  the  same  impurities  as  the 
bisulphite ;  it  effloresces  upon  exposure  to  air  and,  like  the  latter 
salt,  fs  gradually  converted  into  sulphate.      The  Pharmacopoeia  re- 
quires that  the  salt  shall  contain  at  least  96  per  cent,  of  crj'stallized 
Xi^SOj,  w^hich  is  determined  by  means  of  iodine  solution,  whereby 
all  sulphite  present  is  converted  into  sulphate.     According  to  the 
equation,  NajSOj.THjO  +  I,  =  NaaSO,  +  2HI  +  6RJ0,  each  Cc. 
y^  iodine  solution,  containing  0.01259  Gm.  of  iodine,  is  capable  of 
oxidizing  0.01252  Gm.  of  the  crystallized  sulphite;  hence  38.34  Cc. 
will  be  required  for  0.5  Gm.  of  the  official  salt,  as  96  per  cent,  of 
0.5  is  0.48  and  0.48  -J-  0.01252  =  38.33  -f .     The  official  test  is  made, 
as  in  the  case  of  the  bisulphite,  by  adding  an  excess  of  the  iodine 
solution,  and  after  complete  oxidation  has  been  effected  titrating  the 
excess  with  sodium  thiosulphate  solution. 

Sodium  Thiosulpliate.     Na^SjOs  +  BHjO.— This  salt,  wrongly 
called  sodium  hyposulphite,  may  be  obtained  in  various  wavs,  such 
as  lK>iling  a  solution  ot  sodium  sulphite  with  sulphur  (NajSO,  +  8 
=^2i^.,0^^  adding  iodine  to  a  solution  of  sodium  sulphite  and  sul- 
phide (Na^5  +  Na/J  +  T  =  Na^SA  +  2NaI),  boiling  sulphur 
with  solution  of  soda  (6NaOH  +  8,^  =  Na^SjO,  +  2NaA  +  3H2O), 
etc. ;  the  process  employed  on  a  large  scale,   however,  consists  in 
decomposition   of  calcium   thiosulphate    in  solution  by  means  of 
sodium   carbonate  or  sulphate,  insoluble  calcium  carbonate  or  sul- 
phate    being   precipitated,    while   sodium  thiosulphate  remains  in 
solution   and  is  recovered,  after  filtration,  by  crystallization  ;   the 
refiction   may  thus  be   indicated,  CaSjOj  -|-  Na,G03  =  Na2S203  + 
CaCOj.     Calcium  thiosulphate  is  obtained  either  from  the  residue 
left  in  the  manufacture  of  sodium  carbonate  by  the  Leblanc  process, 
known  as  alkali-waste,  or  from  the  gas-lime  left  in  the  purification 
of  illuminating  gas  by  dry  lime.     Both   of  these  residues  contain 
calcium  sulphides  which,  upon  exposure  to  the  air,  undergo  oxida* 
tion  and  are  converted  into  thiosulphate. 

33 
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Unfortunately  the  name  sodium  hyposulphite,  which  washirmtn^ 
also  the  official  title  for  this  salt,  is  still  applied  almost  altogether 
commercially.  True  sodium  hyposulphite  has  the  formula  NaHSO^ 
and  may  be  prepared  by  treating  a  solution  of  sodium  bisulphite 
with  metallic  zinc^  whereby  sodium  hyposulphite  and  sulphite, 
together  with  zinc  sulphite^  are  formed;  thus,  3NaHS03i-Zn= 
NaHSOa  +  Na^3  +  ZuSO,  +  H^O ;  this  salt  is  used  by  dyers  and 
calico-printers.  Hyposulphites  can  be  distinguished  from  thiosul- 
phates  by  heating  them,  when  the  former  break  up  into  thiosulphates 
and  water,  while  the  latter  yield  sulphates  and  sulphides. 

Sodium  thiosulphate  is  employed  to  a  limited  extent  in  medicine, 
but  its  chief  use  in  pharmacy  is  as  a  valuable  chemical  reagent  in 
volumetric  analysis.  The  official  salt  should  contain  at  least  98  per 
cent  of  pure  Na2S203  +  BH^O,  which  is  determined  by  means  of  yj 
iodine  solution  in  the  presence  of  starch.  The  reaction  between 
iodine  and  sodium  thiosulphate  has  been  explained  in  coDnection 
with  the  assay  of  iodine  (page  469),  and  since  each  Cc.  of  -^  iodine 
solution  requires  0.024646  Gm.  of  NajSjOj+SHjO  for  complete 
decoloration,  it  follows  that  not  less  than  39.75  Cc.  must  be  added 
to  a  solution  of  1  Gm.  of  the  official  salt  before  an  excess  will  be 
indicated  by  a  distinct  yellow  tint,  or,  if  starch  mucilage  is  used  ai 
an  indicator,  by  the  permanent  blue  color  of  iodized  starch,  in  order 
to  indicate  98  per  cent,  purity,  for  0.98  (98  per  cent,  of  1)^ 
0.024646  =  39.76. 

The  volumetric  solution  of  sodium  thiosulphate  is  likely  to  decom- 
pose even  when  kept  in  the  dark ;  according  to  F.  H.  Aloock,  the 
change  may  be  prevented  by  adding  a  small  quantity  of  carbon 
disulphide. 

Solution  of  Sodium  Hydroxide.— This  preparation  closely 
resembles  the  official  solution  of  potassium  hydroxide,  and  can  l* 
made  either  by  decomposing  a  solution  of  sodium  carbonate  vith 
milk  of  lime  or  by  dissolving  sodium  hydroxide  direct  in  distill 
water.  The  latter  method  is  usually  followed  by  pharmacists.  Th« 
finished  product  has  a  specific  gravity  of  1.066  at  26°  C.  (77°  F.J- 
The  official  formula,  which  directs  the  solution  of  56  Gm*  of  sodium 
hydroxide  in  944  Gm.  of  water,  assumes  that  sodium  hydroxide  «»t 
90  per  cent.  NaOH  content  is  available,  and  if  a  stronger  or  weaker 
article  must  be  used,  either  a  lesser  or  greater  quantity  should  I* 
taken  ;  the  exact  quantity  necessary  may  be  ascertained  by  dividic): 
5040  by  the  exact  percentage  of  NaOH  in  the  sample.  As  56  Gm. 
at  90  per  cent,  is  equal  to  60.4  Gm.  at  100  per  cent,  it  will  require 
as  many  Gms.  of  x  per  cent,  strength  as  x  per  cent,  is  containt^ 
times  in  60.4  X  100,  or  if  x  is  represented  by  84,  the  answer  will  It 
found  by  dividing  84  into  5040. 

Solution  of  sodium  hydroxide  should  contain  5  per  cent,  by  wei^fct 
of  absolute  NaOH,  equal  to  about  27  grains  in  each  fluidoiince,  anti. 
for  reasons  already  stated  in  connection  with  solution  of  potassiom 
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hydroxide,  must  be  preserved  in  green  glass  bottles  with  tightly  fitting 
stoppers  ooated  with  paraffin.  The  strength  of  solution  of  sodium 
hydroxide  is  determined  by  titration  with  normal  acid,  each  Cc. 
of  which  is  capable  of  neutralizing  0.03976  Gm.  of  NaOH;  20 
Gm.  of  the  solution  will  therefore  require  not  less  than  25  Cc.  of 
the  normal  acid  to  indicate  the  official  5  per  cent,  strength,  for  5  per 
cent,  of  20  is  1,  and  1  -^  0.03976  =  25.15. 

The  official  solution  of  sodium  hydroxide  of  the  German  Pharma- 
copoeia (liquor  natri  caustic!)  contains  15  per  cent.,  and  that  of  the 
French  Codex  23  per  cent,  of  caustic  soda. 

Solution  of  Ohlorinated  Soda. — The  Pharmacopoeia  directs  that 
this  solution  shall  be  made  by  mixing  strong  solutions  of  90  parts  of 
chlorinated  lime  and  65  parts  of  mouohydrated  sodium  carbonate, 
whereby  the  lime  salts  are  decomposed  ana  precipitated  as  carbonate ; 
since  chlorinated  lime  consists  ot  a  mixture  of  calcium  hypochlorite 
and  chloride,  the  corresponding  sodium  salts  will  be  present  in  the 
iiquid  after  the  official  mixture  has  been  filtered.     I^he  decomposition 
may  be  illustrated  by  the  following  equation :  (Ca(ClO),  +  CaCl,)  + 
2:^afiO^=  2NaC10  +  2XaCl  +  2CaC03.   The  object  of  directing  a 
hot  solution  of  sodium  carbonate  to  be  used  is  to  insure  the  forma- 
tion of  a  dense  precipitate  of  calcium  carbonate,  from  which  the 
liquid  can  be  readily  separated,  otherwise  much  trouble  will  be  expe- 
rienced in  filtration  and  washing. 

The  preparation  is  more  familiarly  known  as  Labarraque's  Solu- 
tion, and  owes  its  value  as  a  disinfectant  to  the  available  chlorine 
present,  by  which  is  meant,  not  the  total  amount  of  chlorine  in  com- " 
bination,  but  the  amount  present  as  hypochlorite,   which  can  be 
eliminated  as  free  chlorine  by  the  aid  of  an  acid ;  thus,  NaClO  + 
HCl  =  NaCl  +  HCIO,  and  HCIO  +  HCl  =  Cl^  +^ H^O.    The  solu- 
tion   should   be   preserved   in  dark   bottles  provided  with  rubber 
stoppers,  as  light  is  detrimental  to  its  stability,  and  cork  stoppers 
are  gradually  destroyed  by  the  liquid.    The  escape  of  carbon  dioxide 
upon   the  addition  of  hydrochloric  acid  to  the  solution  is  due  to  the 
decomposition  of  sodium  carbonate,  which  is  frequently  present, 
owing   to  the  variable  composition  of  the  chlorinated  lime  used  in 
the  manufacture. 

The  official  solution  must  contain  at  least  2.4  per  cent,  by  weight 

of  available  chlorine,  which  is  determined  by  liberating  the  chlorine 

with  hydrochloric  acid  and  allowing  the  same  to  act  upon  potassium 

iodide  ;  whenever  chlorine  is  allowed  to  act  upon  potassium  iodide, 

it  displaces  iodine  in  atomic  proportions,  2KI  +  Clj  ~  2KC1  +  I2 1 

the  iodine  thus  set  free  can  be  determined  volumetrically  with    \ 

sodium  thiosiilphate  solution,  and  from  the  quantity  of  this  solution 

used  the  amount  of  liberated  chlorine  can  be  readily  calculated.     One 

atom  or  35.18  Gm.  of  chlorine  being  equal  to  1  atom  or  125.9  Gm. 

of   iodine,  each  Cc.  of  the  thiosulphate  solution  corresponding  to 

0.0 1259  Gm.  of  iodine,  will  also  correspond  to  0.003518  Gm.  of 
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chlorine.  If  7  6m.  of  solution  of  chlorinated  soda  be  taken,  as 
directed  in  the  ofBcial  test,  48  Cc.  of  ^^  sodium  thiosulphate  8olutioD 
will  be  required  to  discharge  the  color  caused  by  the  liberated  ialioe, 
in  order  to  indicate  2.4  per  cent,  of  chlorine,  for  2.4  per  cent  of  7  i> 
0.168,  and  0.168  ^  0.003518  =  47.75 +. 

A  preparation  very  similar  to  the  foregoing  is  the  solution  of 
chlorinated  potassa  known  as  Javelle  water,  or  eau  de  Javelle;it 
is  prepared  by  substituting  an  equiv^alent  quantity  of  potassium  car- 
bonate for  the  sodium  carbonate  in  the  above  process. 

Solution  of  Sodiiim  Arsenate. — Like  Fowler's  Solution,  thi> 
preparation  may  be  more  conveniently  considered  with  the  officUl 
compounds  of  arsenic. 

Besides  the  official  salts  of  sodium,  the  following  are  of  interfct 
to  pharmacists : 

Efferrescent  Sodium  Citro-tartrate. — This  name  is  applied  in 

the  British  Pharmacopoeia  to  a  granular  combination  of  sodium 
bicarbonate  510  Gm.,  tartaric  acid  270  Gm.,  citric  acid  180  Gm.. 
and  sugar  150  Gm.  The  ingredients,  in  fine  powder,  are  thorougWy 
mixed  and  the  mixture  granulated  bv  placing  it  in  a  dish  heated  u^ 
between  93°  and  104°  C.  (197.4°  and  219.2°  F.)  and  stirring  pnp- 
erly  as  the  powder  begins  to  soften  and  agglutinate.  The  re>nhinir 
granular  mixture  when  dissolved  in  water  produces  both  citrate  aD«l 
tartrate  of  sodium,  with  the  elimination  of  carbon  dioxide. 

Sodium  Ethylate.  GsH^ONa. — This  salt,  also  known  as  caustic 
alcohol,  is  obtained  by  direct  action  of  metallic  sodium  on  alw'lni** 
alcohol,  the  metal  being  added  in  small  pieces  at  a  time  as  long  a> 
the  evolution  of  hydrogen  continues,  and  the  mixture  kept  cool  by 
immersing  the  flask  in  cold  water.  The  salt  may  be  preserved  in  tlic 
form  of  crystals  or  powder  in  well-stoppered  bottles.  The  Briti-'i 
Pharmacopoeia  directs  a  solution  of  sodium  ethylate  to  be  made  l»y 
dissolving  22  grains  of  metallic  sodium  in  1  fluidounce  of  ab?<»:ii^ 
alcohol ;  it  is  a  colorless,  syrupy  liquid,  containing  18  per  cent,  i-i 
the  salt,  and  becoming  brown  by  keeping. 

Sodium  Glycerophosphate.     0^{OB)fidk^^+l^^—'^''^' 

compound  is  met  with  both  in  the  form  of  a  very  hygroscopic  N-il: 
of  alkaline  reaction,  and  as  a  50  per  cent,  aqueous  solution.  It '; 
usually  obtained  by  mutual  decomposition  between  a  solution  "' 
barium  or  calcium  glycerophosphate  and  one  of  sodium  carU>nat» 
or  sulphate,  but  may  also  be  made  by  dissolving  sodium  carhi>wf' 
in  an  aqueous  solution  of  glycerophosphoric  acid  and  conoenirati^- 
the  resulting  solution  in  a  vacuum  apparatus. 

Sodium    Sulphovinate    or    Ethylsulphate.       NaOASO,- 

HjO. — When  sulphuric  acid  is  added  gradually  to  an  equal  vtl:^^ 
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of  alcohol,  sulphovinic  or  ethylsulphuric  acid  is  formed;  thus, 
C,H,OH  +  H^O,  =  CjH^HSO^  +  HjO ;  this  can  be  neutralized 
by  adding  barium  carbonate  in  excess,  filtering  the  mixture,  and 
decomposing  the  solution  of  barium  sulphovinate  by  a  solution  of 
sodium  carbonate  or  sulphate.  After  filtration  the  clear  liquid  is 
evaporated  at  a  moderate  heat  and  crystallized.  The  salt  is  very 
soluble  in  water  and  also  in  alcohol  and  glycerin. 

Sodium  Tartrate.    NagC^H^O^  +  SHjO  or  (CHOH)/COONaV. 

2H2O. — ^This  salt  may  be  prepared,  like  the  citrate,  by  simple  sub- 
stitution of  tartaric  acid  for  citric  acid.  To  make  100  parts  requires 
65.19  parts  of  tartaric  acid  and  125.73  parts  of  crystallized  sodium 
carbonate,  or  74.09  parts  of  bicarbonate. 

Sodium  Valerianate.  NaO^HjOs  or  (OH3)20H0^2000Na.— This 

salt  may  be  made  by  neutralizing  valerianic  acid  with  caustic  soda 
or  sodium  carbonate ;  the  solution  is  evaporated  to  dryness  and  the 
heat  then  continued  until  the  salt  fuses.  If  the  valerianic  acid  is 
contaminated  with  amyl  valerianate  (apple  oil),  this  will  separate, 
and,  floating  as  an  oily  liquor  on  the  solution,  can  be  removed. 


CHAPTER    XLIII. 

THE  COMPOUNDS  OF  LITHIUM. 

Five  lithium  salts  are  recognized  in  the  Pharmacopoeia  together 
with  one  effervescent  preparation  of  a  salt.  A  peculiarity  of  all 
lithium  salts,  by  which  they  can  readily  be  distinguished  from  other 
alkali  salts,  is  their  complete  solubility  in  a  mixture  of  equal  vol- 
umes of  alcohol  and  ether,  after  conversion  into  the  chloride. 

The  following  is  a  list  of  the  official  lithium  preparations: 

Official  English  Name.  Official  Latin  Nam«. 

Lithium  Benzoate,  Lithii  Benzoas. 

Lithium  Bromide,  Lithii  Bromidum. 

Lithium  Carbonate,  Lithii  Carbonaa. 

Lithium  Citrate,  Lithii  Citraa. 

Effervescent  Lithium  Citrate,  Lithii  Citras  EfferretoeDS. 

Lithium  Salicylate,  Lithii  Salicylaa. 


Lithium  Beiuoate.  LiOTH^O,  or  CeHsGOOLi.— This  salt  i§ 
most  conveniently  prepared  from  tJie  carbonate,  by  suspending  the 
same  in  hot  water  ana  adding  benzoic  acid  as  long  as  effervescence 
continues ;  the  filtrate  is  evaporated  on  a  water-bath  to  dnne^s, 
with  constant  stirring,  or  may  be  concentrated  and  set  af»ide  to  cn^ 
tallize.  To  make  100  parts  of  the  salt  will  reauire  29  parts  of 
lithium  carbonate  and  95.3  parts  of  benzoic  acid,  tne  reaction  being 
as  follows :  2HC7H A  +  Li^CO,  =  2LiC7H A  +  CO,  +  H,0. 

The  salt  is  permanent  in  the  air  and  very  soluble  in  water,  bat 
less  so  in  alcohol.  The  Pharmacopoeia  requires  98.5  per  cent  parin% 
which  is  determined  gravimetrically  by  converting  tne  salt  into  sul- 

Ehate,  and  weighing  as  such,  after  ignition.  Each  6m.  of  lithium 
enzoate  will  yield  0.43  Gm.  of  sulphate,  and  in  the  official  test  0.> 
Gm.  is  required  to  yield  not  less  than  0.210  nor  more  than  0.216  Gnu, 
the  ammonium  benzoate  formed  being  volatilized,  whereas  the  lithium 
sulphate  remains  after  ignition  as  a  non-volatile  residue.  The  tbe^ 
retical  yield,  if  the  salt  be  98.5  per  cent,  pure,  in  the  official  ten 
would  be  0.212 +  Gm. 

lathinm  Bromide.    LiBr. — For  the  preparation  of  diis  salt 
diluted  hydrobromic  acid  may  be  neutralizetl  with  lithium  carbonat^- 
or  the  latter  salt  may  be  agitated  in  a  flask  with  a  hot  solution  01 
ferrous  bromide.     The  first  method  is  probably  the  most  desirsbw. 
Owing  to  the  very  deliquescent  character  of  the  salt  it  is  not  readiif 
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crystallized,  and  is  preferably  obtained  in  granular  powder  form  bj 
evaporating  the  solution  to  dryness  on  a  water-bath. 

Lithium  bromide  contains  about  92  per  cent,  of  bromine,  a  larger 
proportion  than  any  other  salt  It  is  very  soluble  in  water  and 
alcohol,  and  also  soluble  in  ether,  and  must  be  carefully  preserved 
in  well-stoppered  bottles. 

The  salt  is  likely  to  be  contaminated  with  lithium  chloride  (due 

to  chlorine  in  the  bromine),  and  the  Pharmacopoeia  requires  not 

less  than  97  per  cent,  of  pure  lithium  bromide.     The  official  test  for 

the  limit  (1.75  per  cent.)  of  other  alkalies  depends  upon  the  solubility 

of  lithium  chloride  in  the  amyl  alcohol,  in  which  other  alkali  chlorides 

are  insoluble.     The  degree  of  purity  is  determined  volumetrically  by 

means  of  y^  AgNO,  solution ;  0.20  Gm.  of  the  dried  salt  must 

require  not  less  than  22.5  Cc.  nor  more  than  23.9  Cc.  of  the  silver 

solution  for  complete  precipitation,  potassium  chromate  being  used 

as  indicator.     £kch  Co.  of  the  silver  solution  corresponding  to 

0.008634  Gm.  of  lithium  bromide,  0.2  Gm.  of  absolutely  pure  LiBr, 

would  require  23.16  +  Cc.     The  presence  of  other  alkali  bromides 

would  cause  a  lesser  quantity  of  the  silver  solution  to  suffice.     The 

higher  pharmacopceial  limit,  23.9  Cc.,  is  intended  to  limit  the  amount 

of  lithium  chloride  present,  and  as  some  chloride  is  presumably 

present  in  all  lithium  bromide  its  presence  will  counteract  the  effect 

of  other  alkali  bromides,  and  thus  the  titration  may  show  a  pure 

salt  when  in  reality  both  impurities  are  present. 

Idthinm  Oarbonate.    lAjSiOy — ^The  carbonate,  the  parent  salt 
of  the  other  lithium  compounds,  is  obtained  from  the  mineral  lepido- 
lite,  a  mixture  of  silicates  and  fluorides  of  potassium,  sodium,  alumi* 
num,  and  lithium.    By  digestion  with  sulphuric  acid  impure  lithium 
sulphate  is  obtained,  which  is  freed  from  the  other  salts  by  crystalli- 
zation, ti'eatment  with  milk  of  lime,  etc.     The  final  solution  oi  alkali 
hydroxides  is  mixed  with  ammonium  carbonate,  whereby  the  lithium 
carbonate  is  precipitated ;  or  the  mixed  alkali   hydroxides  may  be 
converted  into  chlorides,  and  the  solution  then  treated  with  ammo- 
nium carbonate.     For  the  purpose  of  purification  lithium  carbonate 
may  be  suspended  in  water  and  treated  with  carbon  dioxide,  when 
an  acid  carbonate,  LiHCO^,  will  be  formed  and  enter  into  solution, 
upon  heating  which  pure  lithium  carbonate  will  be  precipitated. 

Lithium  carbonate  is  the  least  soluble  of  all  alkali  carbonates, 
and  IS,  moreover,  only  a  little  more  than  half  as  soluble  in  boiling 
water  as  in  cold  water.  It  occurs  in  commerce  as  a  light,  odorless 
powder. 

The  Pharmacopoeia  demands  that  if  0.5  Gm.  of  the  salt  be  dis- 
solved in  20  Cc.  of- normal  acid,  not  more  than  6.6  Cc.  of  normal 
alkali  shall  be  required  to  neutralize  the  excess  of  acid,  indicating  at 
least  98.5  per  cent,  of  pure  LijCOg.  As  each  Cc.  of  normal  acid  corre- 
sponds to  0.036755  Gm.  of  the  pure  salt,  0.4925  (98.5  per  cent,  of  0.5) 
Gm.  will  require  13.4  Cc.  of  the  acid,  for  0.4925  -5-  0.036755  =  13.4. 
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Lithinm  Citrate.    lAjQ^fij  +  4S^0  or  G,H,OH(C00Li),  t 

4H2O. — This  salt  can  be  prepared  by  adding  lithium  carbonate  to  a 
solution  of  citric  acid  until  the  latter  is  neutralized,  then  concentrating 
the  solution  and  allowing  it  to  crystallize.  As  shown  by  the  equation 
2(H3CeH30,  +  H^O)  +  3Li,C03+  3H,0  =  2(Li,C,HA  +  4H,0)  + 
SCOj,  2  molecules  or  417  Gm.  of  citric  acid  require  3  molecules 
or  220.53  Gm.  of  lithium  carbonate,  the  yield  of  crystallized  lithium 
citrate  being  about  5G0  Gm.  If  the  solution  be  evaporated  to  dir- 
ness  and  the  residue  heated  to  140°  C.  (284®  F.)  an  anhydrous  salt 
will  be  obtained  identical  with  that  formerly  recognized  in  the 
U.S.  P. 

The  Pharmacopoeia  requires  98.5  per  cent,  purity  for  lithium 
citrate,  which  is  determined  gravi metrically,  as  in  the  case  of  the 
benzoate,  except  that  ammonium  sulphate  is  not  used,  the  citrate 
being  ignited  and  treated  with  a  little  nitric  and  sulphuric  acids  to 
convert  it  into  sulphate.     The   equations  2(Li3C5H5O7  +  4Hj0)-f 
0,8  =  3Li3C03  +  9COj  +  laHjO  and  3Li,C03  +  3H^,  =  3Li^, 
+  3COj  +  3H2O  show  that  2  molecules  or  660.16  Gm.  of  crystal- 
lized lithium  citrate  will  yield  3  molecules  or  327.93  Gm.  of  lithium 
sulphate,  and  hence  1  Gm.  of  the  former  will  yield  0.5854  Gm.  of 
the  latter.     In  the  official  test  0.5  Gm.  of  the  anhydrous  salt  is 
required  to  yield  not  less  than  0.387  nor  more  than  0.394  Gm.  of 
sulphate.     Lithium  citrate  contains  about  25.5  per  cent,  of  water 
of  crystallization,  and  as  the  salt  is  deliquescent  in  moist  air,  the 
Pharmacopoeia  directs  that  the  assay  shall   be  made  with  anhyd- 
rous  salt;   if  absolutely  pure,  the  0.5  Gm.  of  citrate  will  yield 
0.3933  -f-  Gm.  of  sulphate ;  and  if  98.5  per  cent,  pure,  the  yield 
will  be  0.3875  +  Gm.     Any  yield  of  sulphate  residue  greater  than 
the  highest  theoretical  will  therefore  indicate  the  presence  of  other 
alkalies  or  impurities. 

Both  the  anhydrous  salt  in  powder-form  and  the  crystallized  salt 
occur  in  commerce. 

Investigation  has  shown  that  the  commercial  lithium  citrate 
offered  in  this  country  is  by  no  means  uniform  in  composition,  vary- 
ing from  an  anhydrous  salt  to  one  containing  one  or  more  molecules 
of  water ;  moreover,  according  to  L.  F.  Kebler,  the  anhydrous 
salt  is  more  or  less  deliquescent,  but  becomes  non-deliquescent 
after  a  certain  amount  of  moisture  has  been  absorbed. 

Efferrescent  Lithium  Citrate. — This  preparation  contains  about 
5  per  cent,  of  crystallized  lithium  citrate,  and  is  made  by  the  general 
process  directed  in  the  Pharmacopoeia  for  the  manufacture  of  all 
granular  effervescent  salts.  It  has  already  been  considered  in  the 
Chapter  on  Granular  Effervescent  Salts  (see  page  410). 

lathinm  Salicylate.    LiO^HA  or  CeH,(OH)COOLi.— This  sah 

may  be  prepared  by  heating  a  mixture  of  44  parts  of  salicylic  acii 
12  parts  of  lithium  carbonate,  and  100  parts  of  water  until  eSer- 
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vesoence  ceases ;  it  is  then  filtered  and  the  solution  evaporated  to 
dryness.  As  in  the  case  of  sodium  salicylate^  a  slight  excess  of  acid 
is  necessary  to  avoid  discoloration  of  the  finished  product^  and 
contact  with  metal  must  be  carefully  avoided. 

The  Pharmacopoeia  requires  for  lithium  salicylate  98.5  per  cent. 

fmrity,  to  be  determined  gravimetrically  exactly  as  in  the  case  of 
ithium  benzoate.  Each  Gm.  of  lithium  salicylate,  if  absolutely 
pare,  will  yield  0.382  Gm.  of  sulphate.  In  the  ofiicial  test  0.5  Gm. 
of  the  salt  is  required  to  yield  not  less  than  0.188  nor  more  than 
0.192  Gm.  of  sulphate ;  the  theoretical  yield,  if  the  salt  be  98.5  per 
cent,  pure,  would  be  0.188  +  Gul 


CHAPTER   XLIV. 


THE  COMPOUNDS  OF  AMMONIUM. 

Although,  thus  far,  all  efforts  to  isolate  the  basylous  radical 
of  ammonium  salts  have  failed,  the  existence  of  the  hypothetical 
body  NH4  must  be  assumed,  as,  without  it,  it  would  be  impossible 
to  explain  the  formation  and  composition  of  a  large  and  important 
class  of  compounds  in  accordance  with  accepted  modem  view* 
regarding  the  replacement  of  hydrogen  in  acids.  The  decomposi- 
tion of  sodium  amalgam  by  means  of  ammonium  chloride,  resulting 
in  the  production  01  sodium  chloride  and  a  new  spongy  amalgam 
having  a  metallic  lustre,  points  strongly  to  the  metallic  character 
of  the  radical  called  ammonium.  The  indirect  source  of  all  ammo- 
nium salts  is  the  gaseous  body  ammonia,  NH3,  which  may  be  looke<i 
upon  as  ammonium  hydroxide  minus  water,  NH4OH  —  HjO  — 
NHj ;  a  characteristic  feature  of  these  salts  is  their  complete  vola- 
tilization upon  application  of  heat. 

The  Pharmacopoeia  recognizes  7  salts  of  ammonium,  4  prepara- 
tions of  the  salts,  and  3  solutions  of  the  hydroxide,  as  follows: 


Official  EngUsh  Name. 
Ammonium  Benzoate, 
AmmoDium  Bromide, 
Ammonium  Carbonate, 
Ammonium  Chloride, 
Ammonium  Iodide, 
Anmionium  Salicylate, 
Ammonium  Valerate, 
Ammonia  Water, 
Stronger  Ammonia  Water, 
Liniment  of  Ammonia, 
Solution  of  Ammonium  Acetate, 
Spirit  of  Ammonia, 
Aromatic  Spirit  of  Ammonia, 
Troches  of  Ammonium  Chloride, 


Official  Latin  Name. 

Ammonii  Benzoas. 
Ammonii  Bromidum. 
Ammonii  Carbonas. 
Ammonii  Chloridnm. 
Ammonii  lodidum. 
Ammonii  Salicylas. 
Ammonii  Valeras. 
Aqua  Ammoniee. 
Aqua  Ammoniffi  Fortior. 
Linimentum  Ammoniie. 
Liquor  Ammonii  Aceiati& 
Spiritus  Ammonise. 
Spiritus  AmmcMiiff  Aromaticua. 
Trochisci  Ammcmii  Chloridi. 


Ammonium  Benzoate.    THLJO^fi^  or  CcHsCOOHH*.— Wbea 

benzoic  acid  is  added  to  diluted  ammonia  water,  the  acid  is  neatral- 
ized  and  ammonium  benzoate  is  formed,  which,  remaining  in  solution, 
may  be  obtained  in  colorless  crystals,  if  the  liquid  be  concentrated 
by  aid  of  a  moderate  heat  and  set  aside.  As  ammonium  salts  are 
readily  decomposed  by  heat,  the  liquid  should  be  kept  alkaliDe  by 
the  occasional  addition  of  ammonia  water  during  evaporation.  To 
prepare  100  Gra.  of  the  salt  requires  87.76  Gm.  of  ben«)ic  acid  and 
123  Gm.  of  the  official  ammonia  water. 
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The  Pharmacopoeia  requires  that  ammonium  benzoate  shall  oon^ 
tain  not  less  than  98  per  cent,  of  pure  NH4C7H5O2,  but  gives  no 
directions  for  determining  the  purity,  although  tests  are  given  for 
prov^ing  the  absence  of  chlorides  and  sulphates  and  also  heavy 
metals. 

Ammonium  Bromide.  NH^Br. — Decidedly  the  best  method  of 
preparing  this  salt  is  by  double  decomposition  between  boiling  hot 
concentrated  solutions  of  ammonium  sulphate  atid  potassium 
bromide^  when^  upon  cooling,  the  newly  formed  potassium  sulphate 
is  precipitated,  while  ammonium  bromide  remains  in  solution.  To 
facilitate  removal  of  the  potassium  sulphate,  alcohol  is  usually 
added  to  the  cooled  liquid.  The  salt  may  be  obtained  in  granular 
form  by  decanting  the  solution,  concentrating  it,  and  evaporating  to 
dryness  with  constant  stirring. 

Ammonium  bromide  may  also  be  obtained  quite  pure  by  heating 
in  a  retort,  on  a  sand-bath,  an  intimate  mixture  of  potassium 
bromide  and  dried  ammonium  sulphate,  and  subliming  the  vapors 
of  ammonium  bromide  in  a  suitable  condenser. 

The  Pbarmacopoeia  demands  that  ammonium  bromide  shall  con- 
tain not  less  than  97  per  cent  of  pure  NH^Br,  which  may  be  deter- 
mined volumetrically  with  .^  AgNOj  solution,  each  Cc.  of  which 
corresponds  to  0.009729  6m.  of  the  pure  salt.  In  the  official  test 
0.3  Gm.  taken  should  therefore  require  not  more  than  31.6  Cc.  of 
the  silver  solution,  indicating  the  absence  of  more  than  3  per  cent, 
of  ammonium  chloride,  the  rule  given  under  Potassium  Bromide 
being  also  applicable  in  this  case,  and  each  0.2565  Cc.  of  tlie  silver 
solution  iised  in  excess  of  the  theoretical  requirement  for  pure  NHBr, 
30.83  -f~  Cc.  indicating  1  per  cent,  of  ammonium  chloride. 

Ammoniiun  Carbonate.    NH^HOOsNH^NHaOOs. — As  shown  by 

the  chemical  formula,  the  official  salt  is  not  the  normal  carbonate, 
which  would  have  the  composition  (NH^jjCOj,  but  is  p.  mixture  of 
acid  ammonium  carbonate  and  ammonium  carbamate.  It  is  obtained 
on  an  extensive  scale  by  heating  ammonium  chloride  with  an  excess 
of  chalk  and  condensing  the  resulting  vapors  in  leaden  chambers ; 
it  is  afterward  resublimed.  The  decomposition  is  accompanied  by 
the  splitting  off  of  ammonia  and  water ;  hence  the  composition  of 
the  sublimate,  as  given  in  the  Pharmacopoeia :  4NH4CI  +  2CaC03 
=  NH^HCO^NH^NH^CO,  +  2CaCla  +  NH,  +  UJO. 

The  commercial  ammonium  carbonate  is  usually  accompanied  by 
enipyreuma,  to  which  its  peculiar  tarry  odor  is  due,  and  for  phar- 
maceutical purposes  only  the  purified  article  should  be  employed. 
Owing  to  the  rapid  deterioration  of  the  salt  on  exposure  to  air, 
from  loss  of  both  ammonia  and  carbon  dioxide,  it  should  be  pre- 
servecl  in  tightly  closed  bottles,  the  best  container  being  a  wide- 
mouth  fruit  jar  provided  with  a  rubber  ring  and  metal  clasp  for 
hermetically  sealing  the  glass  top.     Only  firm  translucent  pieces  of 
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ammonium  carbonate  should  be  used,  as  the  opaque  friable  ooDdi- 
tion  is  indicative  of  chemical  change  causing  conversion  of  the 
salt  into  acid  carbonate  or  bicarbonate. 

When  the  official  ammonium  carbonate  is  dissolved  in  water  it 
is  converted  into  the  so-called  sesquicarbonate,  a  mixture  of  acid 
and  normal  carbonate;  thus,  NH,HC03NH,NH,C0,  4- HjO  = 
NH4HC03(NH4)jC03.  The  Pharmacopoeia  requires  that  the  official 
salt  shall  contain  not  less  than  97  per  cent,  of  the  official  compouiid 
and  yield  not  less  than  31.58  per  cent,  of  ammonia  gas.  To  deter- 
mine the  purity,  2  Gm.  of  the  salt  are  dissolved  in  a  mixture  of  50 
Cc.  each  of  water  and  normal  acid,  the  solution  l>oiled  to  expel  all 
carbon  dioxide  and  the  excess  of  acid  then  titrated  by  meass  of 
normal  KOH  solution.  Not  less  than  37.3  (50  —  12.7)  Cc.  of  nonnal 
acid  should  be  required  to  indicate  97  per  cent  puri^,  as  e&ch 
Cc.  corresponds  to  0.052003  Gm.  of  NH4HCO3.NH,NH,C0^  and 
1.94  (97  per  cent,  of  2)  Gm.  -^-  0.052003  =  37.3  -f. 

Ammonium  Ohloride.  NH^Ol. — Crude  ammonium  chloride  is 
obtained  by  neutralizing  the  ammoniacal  gas-liquors,  oondeDifed  in 
the  preparation  and  purification  of  illuminating-gas  from  coal,  with 
hydrochloric  acid,  evaporating  the  solution  to  dryness  and  sub- 
liming the  salt  in  iron  vessels.  This  product,  being  usually  con- 
taminated with  iron,  is,  for  pharmaceutical  purposes,  purified  by 
adding  ammonia  water  to  a  hot  solution  of  the  salt,  filtering  to 
remove  the  precipitated  ferric  hydroxide,  and  evaporating  the  filtrate 
with  constant  stirring,  so  as  to  form  a  granular  powder. 

The  JPharmaeopoeia  requires  not  less  than  99.5  per  cent,  purity, 
which  is  determined  by  titrating  a  solution  of  0.1  Gm.  of  tne  silt 
with  y"^  AgN03  solution,  each  Cc.  of  which  corresponds  to  0.005311 
Gm.  of  pure  NH^Cl,  and  0.0995  (99.5  per  cent,  of  0.1  Gnu) 
-H0.005S11  =18.74;  hence  at  least  18.7  Cc.  of  the  silver  solution 
will  be  required  for  complete  precipitation,  potassium  chromate  bong 
used  as  an  indicator. 

Ammonium  Iodide.  NHJ. — This  salt  is  most  conveniently 
prepared  by  double  decomposition  between  potassium  iodide  and 
ammonium  sulphate  dissolved  in  a  small  quantity  of  boiling  water; 
when  the  mixture  has  cooled,  alcohol  is  added  to  insure  a  more  per- 
fect separation  of  the  newly  formed  potassium  sulphate,  and  the 
solution  of  ammonium  iodide  is  filterea  and  evaporated  to  drynes>«. 
constantly  stirring.  The  reaction  is  as  follows :  2KI  +  (NH^)2S0, 
=  2NH  J  +  K^SO, 

Ammonium  iodide  must  be  preserved  in  tightly  stoppered  dark 
bottles,  as  it  is  very  hygroscopic  and  is  readily  decomposed  when 
exposed  to  air  and'  light.  As  the  Pharmacopceia  directs,  the  sak 
should  never  be  dispensed  after  it  has  become  deeply  colored,  bm 
may  be  restored  to  its  original  condition  by  dissolving  in  as  little 
water  as  possible,  adding  solution  of  ammonium  sulphide  until  the 
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color  IS  discharged,  then  filtering  to  remove  the  precipitated  sulphur, 
and  evaporating  on  a  water-bath  to  dryness.  The  ammonium  sul- 
phide added  undergoes  decomposition,  uniting  with  the  free  iodine 
to  form  ammonium  iodide,  while  sulphur  is  precipitated  at  the  same 
time ;  thus,  (NH,),^  +  I2  =  2NH  J  +  S. 

The  official  test  for  the  presence  of  ammonium  bromide  and  chlo- 
ride depends  upon  the  very  sparing  solubility  of  silver  iodide  in 
ammonia  water;  hence  any  turbidity  or  precipitate  produced  in  the 
ammoniacal  filtrate  upon  the  addition  of  nitric  acid  must  be  due  to 
the  presence  of  silver  bromide  or  chloride.  If  the  0.25  Gm.  of 
ammonium  iodide  directed  to  be  used  in  the  official  test  consist  of 
pure  NH4I,  17.38+  Cc.  of  the  silver  solution  will  be  required  for 
complete  precipitation,  as  each  Cc.  corresponds  to  0.014383  Gm.  of 
pure  NHJ  and  0.25 -+-0.014383  =  1 7.38 ;  the  presence  of  ammo- 
nium bromide  or  chloride  would  increase  this  quantity,  owing  to  the 
lower  molecular  weights  of  the  latter  compounds.  As  only  97  per 
cent,  of  purity  is  required,  the  16.9  Cc.  of  silver  solution  ordered 
will  suffice  to  precipitate  all  the  ammonium  iodide  corresponding 
to  such  purity,  for  97  per  cent,  of  0.25  is  0.2425  and  0.2425-*- 
0.014383  =  16.86  +.  As  no  silver  bromide  or  chloride  will  be 
formed  until  all  ammonium  iodide  has  been  decomposed,  less  than 
0.2425  Gm.  or  97  per  cent,  of  the  latter  salt  taken  will  allow 
of  their  formation  and  consequent  solution  in  the  ammoniacal 
liquid ;  hence  the  appearance  of  cloudiness  within  ten  minutes  after 
acidulating  with  nitric  acid  will  indicate  that  more  than  3  per  cent. 

of  ammonium  bromide  or  chloride  was  contained  in  the  sample. 

• 

Ammoniiim  Salicylate.    NH^OrH^O,  or  Og^4  (0H)000NH4.— 

This  salt  is  conveniently  prepared  by  neutralizing  ammonia  water 
by  means  of  salicylic  acid  and  evaporating  the  solution  to  dryness. 
To  make  100  parts  of  ammonium  salicylate  will  require  89  parts  of 
salicylic  acid  and  109.98  parts  of  10  per  cent,  ammonia  water. 

Ammonium  Valerate.    NH^C^H^Oj  or  (OS^yOROILjOOOKE^. 

— This  salt,  also  known  as  ammonium  valerianate,  is  prepared  by 
neatmlizing  pure  valeric  acid  with  ammonia,  conducting  the  gas 
directly  into  the  acid,  so  as  to  avoid  the  presence  of  water,  which 
insures  more  perfect  crystals. 

When  perfectly  neutral,  ammonium  valerate  has  little  disagreeable 
odor,  but  as  the  salt  is  prone  to  decomposition,  it  is  frequently 
accompanied  by  the  characteristic  odor  of  valeric  acid.  The  acid 
reaction  sometimes  observed  in  an  aqueous  solution  of  the  salt  is 
due  to  decomposition,  which  is  indicated  also  by  the  pronounced 
odor  of  the  free  acid  floating  on  the  surface  of  the  solution  :  valeric 
acid  being  monobasic,  there  can  be  no  acid  salt  of  the  same ;  hence 
any  free  acid  present  is  due  to  loss  of  ammonia  in  the  normal  salt. 

The  salt  is  rarely  prescribed  except  in  the  form  of  the  elixir  of 
ammonium  valerate;  in  the  preparation  of  this  elixir  it  is  customary 
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to  dissolve  the  salt  in  aromatic  elixir,  neutralizing  any  free  acid 
present  by  means  of  ammonium  carbonate. 

Ammonium  valerate  must  be  carefully  preserved  in  tightly  stop- 
pered vials. 

Ammonia  Water. — Under  this  name  the  Pharmacopoeia  recog- 
nizes an  aqueous  solution  of  amtnonia  containing  10  per  cent  bv 
weight  of  the  gas.  It  is  prepared,  on  a  large  scale,  by  liberating  am- 
monia from  ammonium  chloride  or  sulphate,  by  the  aid  of  lime  and 
heat,  and  conducting  the  gas  into  a  series  of  receivers  containing  cold 
water,  where  it  is  rapidly  absorbed  ;  the  residue  in  the  retort  consists 
of  either  calcium  chloride  or  sulphate,  as  the  case  mavbe;  thus, 
2NH,C1  or  (NHJ^,  +  Ca(OH),  =  2NH3  +  (CaCl,  or  CaSOjr 
2H2O.  Ammonia  water  is  also  made  by  mixing  the  ammoniacal 
liquors  of  gas-works  with  milk  of  lime,  heating,  and  conducting  the 
gas  into  water ;  when  made  by  this  process  the  solution  generally  is 
less  pure,  being  ac<;om])anied  by  empyreuma. 

Ammonia  gas  is  very  soluble  in  water,  which  at  0°  C.  (32°  F.^ 
is  capable  of  taking  up  1050  volumes  of  the  gas,  and  even  at  15^ 
C.  (59°  F.)  retains  727  volumes  in  solution.  The  oflBcial  ammonia 
water  contains  alx)ut  125  volumes  of  gas — that  is,  1  Cc.  holds  125 
Cc.  of  ammonia  gas  in  solution. 

Diflferent  grades  of  strength  of  ammonia  water  are  found  in  com- 
merce,  of  which  that  designated  as  16°  corresponds  to  the  official 
10  per  cent,  solution ;  but  it  must  be  borne  in  mind  that  ammonia 
water  is  prone  to  deteriorate,  by  loss  of  ammonia  gas,  when  kept  in 
loosely  stoppered  vessels,  such  as  carboys,  especially  if  stored  in  a 
warm  place.  Ammonia  water  should  be  preserved  in  glass-stop- 
pered bottles,  although  sound  corks  may  be  used  if  not  allowed  to 
come  in  contact  with  the  liquid,  by  covering  with  prepared  bladder, 
as  small  particles  of  cork  allowed  to  fall  into  the  liquid  soon  impart 
a  yellowish  color  to  the  same. 

Ammonia  water  is  frequently  called  Hpirit  of  hartshorn  by  the 
.  public ;  in  the  British  Pharmacopoeia  it  is  recognized  as  solution  *;/ 
ammonia,  and  in  the  German  Pharmacopoeia  as  solution  of  cauttff 
ammonia. 

The  strength  of  ammonia  water  is  determined  by  titration  with 
normal  acid,  each  Cc.  of  which  requires  0.01693  Gm.  NH,  for  neo- 
tralizatiou.  The  Pharmacopoeia  directs  that  3  Cc.  of  ammonin 
water  be  accurately  weiglied,  diluted  with  50  Cc.  of  ^vater,  and  thtu 
titrated  with  normal  acid ;  the  number  of  Cc.  of  the  acid  used  i? 
multiplied  by  1.693  (0.01693  X  100)  and  divided  by  the  weight  taken 
of  the  sample,  when  tlie  quotient  will  express  the  percentage  oi 
ammonia  gas  present. 

Stronger  Ammonia  Water. — This  preparation  differs  from  the 
preceding  only  in  strength,  containing  28  per  cent  by  weight  oi 
ammonia  gas,  and  is  prepared  in  a  similar  manner,  except  that  thf 
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gas  must  be  conducted  into  the  cold  water  for  a  longer  period  of 
time,  so  that  a  greater  amount  may  be  absorbed. 

Stronger  ammonia  water  is  not  used  in  medicine,  but  has  been 
found  a  very  convenient  source  of  supply  for  small  quantities  of 
pure  ammonia  gas,  by  simply  heating  m  a  Hask  provided  with  a 
delivery-tube,  and  for  this  purpose  has  been  officially  recognized. 
It  can  also  be  employed  for  the  manufacture  of  weaker  solutions 
of  ammonia,  which  can  be  prepared  of  any  desired  strength  by 
diluting  the  stronger  ammonia  water  with  plain  water  in  proper 
proportions  by  weight,  as  explained  on  page  73.  On  account  of  the 
readiness  with  which  all  solutions  of  ammonia  part  with  the  gas 
upon  elevation  of  temperature,  care  should  be  exercised  in  opening 
bottles  containing  stronger  water  of  ammonia,  as  serious  accidents 
have  been  known  to  occur  from  the  sudden  expulsion  of  liquid  upon 
loosening  the  stopper,  due  to  accumulation  of  gas  in  the  vessel. 

The  commercial  grade  known  as  26°  ammonia  water  con*esponds 
to  the  official  stronger  solution.  It  should  be  purchased  only  in 
glasa-stoppered  bottles  and  preserved  in  a  cool  place.  The  official 
strong  solution  of  the  British  Pharmacopoeia,  liquor  ammoniee  fortis, 
contains  32.5  per  cent,  of  ammonia  gas  (by  weight). 

The  strength  of  the  preparation  is  determined  volumetrically, 
like  that  of  the  weaker  solution,  with  normal  acid. 


of  Ammonia. — This  is  an  alcoholic  solution  of  ammonia, 
identical  in  strength  with  the  official  ammonia  water,  namely,  10 
per  cent,  by  weight  of  gas.  It  is  prepared  by  heating  stronger 
ammonia  water  in  a  flask,  at  a  temperature  not  exceeding  60°  0. 
(140^  F.),  to  avoid  the  transfer  of  aqueous  vapor  as  far  as  possible, 
and  conducting  the  gas  into  recently  distilled  alcohol.  The  object 
of  the  pharmacopoeial  direction  to  use  recently  distilled  alcohol  kept 
in  glass  vessels  is  to  avoid  contamination  with  organic  matters, 
always  present  more  or  less  in  alcohol  as  ordinarily  preserved,  and 
likely  to  cause  coloration  of  the  liquid  upon  addition  of  ammonia. 

Spirit  of  ammonia  is  intended  to  be  used  in  place  of  water  of 
aratnonia  whenever  addition  of  the  latter  would  cause  turbidity  in 
resinous  alcoholic  solutions. 

Aromatic  Spirit  of  Ammoiiia. — A.  hydro-alcoholic  solution  of 
noriual  ammonium  carbonate,  pleasantly  flavored  with  essential  oils. 
It  contains  70  per  cent,  by  volume  of  alcohol,  1  per  cent,  of  oil  of 
lemon,  and  0.1  per  cent,  each  of  oils  of  lavender  and  nutmeg. 
When  official  ammonium  carbonate  is  treated  with  alcohol  a  portion 
of  the  salt  enters  into  solution,  the  carbamate  being  converted  into 
carbonate,  while  the  acid  carbonate  remains  undissolved ;  therefore 
the  Pharmacopoeia  directs  in  the  formula  for  this  preparation  that 
ammonia  water  shall  be  added  to  the  ammonium  carbonate  before 
the  admixture  of  the  alcoholic  solution  of  essential  oils.  This  causes 
a  change  of  the  official  salt  into  normal  carbonate,  which  is  perfectly 
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soluble  in  alcohol ;  the  change  effected  may  be  readily  explained 
as  follows ;  NH,HC03NH,NH2CO,  +  NH3  +  YLfi  =  2(NH,),C0, 
In  order  to  insure  the  complete  conversion  of  the  ammonium  .salt, 
it  has  been  found  advantageous  to  allow  the  mixture  of  ammonium 
carbonate  solution  and  ammonia  water  to  stand  for  twelve  or  twenty- 
four  hours  and  then  to  add  to  it  the  alcoholic  solution  of  oils,  other- 
wise a  saline  precipitate  may  form. 

Since  156.01  parts  of  oiScial  ammonium  carbonate  wili  yield 
190.82  parts  of  the  normal  carbonate,  the  finished  solution,  if  prop- 
perly  made,  will  contain  41.58  +  Gm.  of  the  latter  salt  in  a  liter,  or 
each  Cc.  will  contain  0.0415+  Gm. 

Solution  of  Ammoninin  Acetate. — This  preparation,  also 
known  as  Spirit  of  Mindererus,  is  an  aqueous  solution  of  ammo- 
nium acetate,  containing  also  small  amounts  of  acetic  and  carbonic 
acids.  It  is  preferably  prepared  fresh  when  wanted,  as  when  kept 
on  hand  for  some  time  it  gradually  loses  carbon  dioxide  and  absorbs 
ammonia  from  the  air,  finally  acquiring  an  alkaline  taste.  Prepared 
according  to  the  official  formula,  by  dissolving  5  Gm.  of  ammonium 
carbonate  (in  firm  pieces)  in  100  Cc.  of  diluted  acetic  acid,  the  fin- 
ished product  will  contain  0.071  +  Gm.  of  ammonium  acetate  in 
each  Cc.  (about  33  grains  in  each  fluidounce),  together  with  a  trifling 
amount  of  acetic  acid  ;  to  the  latter,  as  well  as  to  the  carbon  dioxi<)e 
remaining  in  solution,  the  pleasant,  refreshing  taste  of  the  prepara- 
tion is  due.  100  Cc.  of  diluted  acetic  acid  contain  6.054  Gm.  of 
absolute  acetic  acid,  of  which,  according  to  the  equation  NH4HCOJ 
NH.NHjCOj  +  3HC2H3O3  =  3NH,C2H302  +  H3O  +  2C0:, 
5.728  +  Gm.  are  required  to  saturate  6  Gm.  of  ammonium  car- 
bonate. 

The  following  unofficial  salts  of  ammonium  are  sometimes  used: 


Bicarbonate.  NH4HOO3.  This  salt  has  betn 
mentioned,  in  connection  with  the  official  carbonate,  as  the  white 
pulverulent  decomposition-product  obtained  when  the  official  salt  i? 
exposed  to  air.  It  may  be  prepared  either  by  treating  official  amm(^- 
nium  carbonate  with  twice  its  weight  of  water,  when  the  carbam- 
ate will  be  dissolved,  leaving  the  acid  carbonate  or  bicarbonate ;  ^r 
the  official  salt  may  be  kept  for  two  weeks  under  a  bell-glass  over 
sulphuric  acid  and  lime,  when  the  carbamate  will  be  decompo?t|'l 
into  carbon  dioxide  and  ammonia,  which  are  absorbed  by  the  aciti 
and  lime,  leaving  the  bicarbonate  as  a  friable  mass.  When  perfectly 
drj',  ammoniun)  bicarbonate  is  free  from  ammoniacal  odor ;  it  i- 
soluble  in  8  parts  of  water  at  15°  C.  (59°  F.),  but  is  insoluble  in 
alcohol. 

Ammonium  Citrate.    (SR^Pfifi^  or  03H,(0H]j(OO0IIH;r- 

This  may  be  prepared  by  neutralizing  a  solution  of  citric  acid  viti« 
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ammoDium  carbonate  or  ammonia  water  and  carefully  evaporating 
the  solution  on  a  water-bath,  adding  a  little  ammonia  water  from 
time  to  time,  as  the  salt  is  readily  decomposed.  100  Gm.  of  citric 
acid  require  for  neutralization  either  76.75  Gm.  of  ammonium  car- 
bonate or  242.38  Gm.  of  10  per  cent,  ammonia  water,  yielding 
115.21  Gm.  of  a  salt  of  the  above  composition. 

Ammoniimi  Phosphate.  (NH4)^P04.  The  British  Pharma- 
copoeia directs  this  salt  to  be  prepared  by  adding  stronger,  ammonia 
water  to  diluted  phosphoric  acid  until  a  slight  alkaline  reaction 
ensues,  then  evaporating  the  solution  with  occasional  addition  of 
ammonia  water  and  setting  the  liquid  aside  so  that  crystals  may 
form,  which  must  be  quickly  dried  on  paper. 

Ammonimn  StQphate.  (SR^jiO^. — The  crude  salt  is  obtained 
by  treating  coal-gas  liquor  either  with  sulphuric  acid  or  calcium  sul- 
phate ;  if  the  latter  plan  be  followed,  it  is  customary  to  percolate 
the  gas-liquor  through  powdered  gypsum,  whereby  ammonium  sul- 
phate is  obtained  in  solution  and  calcium  carbonate  remains  in  the 
percolator.  The  solution  is  evaporated  and  crystallized,  the  crystals 
being  purified  by  heating  to  about  240°  C.  (464°  F.)  to  remove 
empyreumatic  products,  and  final  solution  and  recrystallization. 
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CHAPTER   XLV. 

THE  COMPOUNDS  OF  CALCIUM  AND  STRONTIUM. 

The  compounds  of  these  two  metals  used  in  pharmacy  are  com- 
paratively few  in  number,  and  may  be  conveniently  grouped  together. 
The  Pharmacopoeia  recognizes  10  compounds  of  calcium  and  6  piejy- 
parations  of  the  same,  but  only  3  compounds  of  strontiain.  TBe 
following  list  embraces  all  that  are  ofiBcially  recognized : 

Official  EngliBh  Name.  Official  Latin  Name. 

Calcium  Bromide,  Calcii  Bromidum. 

Precipitated  Calcium  Carbonate,  Calcii  Carbonas  Pnecipitatoi. 

Prepared  Chalk,  Creta  Pneparata. 

Calcium  Chloride,  Calcii  Chloridum. 

Calcium  Hypophoaphite,  Calcii  Hypophoaphis. 

Precipitated  Calcium  Phoaphate,  Calcii  Phoaphaa  PrKcipitatus. 

Dried  Calcium  Sulphate,  Calcii  Salphaa  £z8iocata& 

Lime,  Calx. 

Lime  Liniment,  Linimentum  Calcts. 

Chlorinated  Lime,  Calx  Chlorinata. 

Sulphurated  Lime,  Calx  Sulphurata. 

Solution  of  Lime,  Liquor  Calcis. 

Syrup  of  Lime,  Sjrupua  Calcia. 

Syrup  of  Calcium  Lactophoephate,  Syrupus  Calcii  Lactophoqphitk 

Chalfc  Mixture,  Mistnra  Cretse. 

Compound  Chalk  Powder,  Pulvis  Cretn  Compositus. 

Strontium  Bromide,  Strontii  Bromidum. 

Strontium  Iodide,  Strontii  lodidum. 

Strontium  Salicylate,  Strontii  Salicylaa. 

THE  OOMPOUNDS  OF  OALOIUM. 

Calcium  Bromide.  OaBr,.— The  simplest  method  for  the  prepa- 
ration of  this  salt  is  solution  of  calcium  carbonate  in  hydrobiomit 
acid,  an  excess  of  the  former  being  added^  the  mixture  filtered  wheo 
effervescence  has  ceased,  and  the  solution  evaporated  to  dryness; » 
white  granular  powder  is  thus  obtained,  which  is  very  deliquescent* 
and  must  be  preserved  in  tightly  stoppered  bottles. 

The  Pharmacopaeia  demands  not  less  than  97  per  cent,  puritv 
for  this  salt,  but  gives  no  direction  for  determining  the  sain^ 
although  tests  are  given  for  the  absence  of  barium,  calcium  broniate, 
and  iodides,  and  for  the  limit  of  nitrates  and  ammonia. 

Precipitated  Calcium  Oarbonate.  OaOO,.— This  salt^  popu- 
larly known  as  precipitated  chalk,  is  prepared  by  double  decomp**" 
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tion  betv^een  calcium  chloride  and  sodium  carbonate  ;  solutions  of 
the  two  salts  are  mixed  and  heated,  when  calcium  carbonate  is 
thrown  down  as  a  dense  precipitate^  while  sodium  chloride  remains 
in  solution.  The  decompositioti  may  be  illustrated  as  follows: 
CaCI,  +  NajCOs  =  CaCOj  +  2NaCl ;  to  remove  the  sodium  chlo- 
ride^  the  mixture  is  poured  on  a  strainer  and  the  precipitate  washed 
with  boiling  water  until  the  washings  no  longer  indicate  the  presence 
of  chlorine. 

If  calcium  carbonate  be  precipitated  in  the  cold,  it  is  flocculent 
and  voluminous,  in  which  condition  it  is  difficult  to  wash  it  entirely 
free  from  the  sodium  chloride ;  hence  the  use  of  heat  is  advantageous. 
The  precipitate  consists  of  a  micro-crystalline  powder,  entirely  free, 
however,  from  grittiness. 

It  is  not  adapted  for  internal  use^  but  is  employed  in  the  prepa- 
ration of  other  calcium  compounds. 

Prepared  Ohalk.  OaOO,. — The  compound  officially  recognized 
under  the  name  prepared  chalk  is  native  soft  calcium  carbonate, 
freed  by  clutriation  from  most  impurities.  Chalk  occurs  abundantly, 
£is  a  soft  earthy  mineral,  on  the  English  coast,  which,  by  repeated 
treatment  with  water,  may  gradually  be  freed  from  impurities  and 
coarser  particles.  The  process  of  elutriation  has  been  fully  explained 
on  page  114.  After  collecting  the  suspended  fine  powder,  the  latter, 
while  still  moist,  is  formed  into  small  nodular  masses  by  means  of  a 
funnel  and  then  dried. 

Chemically,  prepared  chalk  does  not  differ  from  the  precipitated 
oa/cium  carbonate,  but,  on  account  of  its  greater  softness  and  adhe- 
siveness, it  is  better  adapted  for  internal  administration,  and  is  the 
kind  of  chalk  used  in  the  official  chalk  mixture.  Although  it  is 
never  so  white,  and  is  probably  less  pure  than  the  preceding  article, 
the  latter  should  never  be  used  in  its  place. 

Oalciimi  Ohloride.  OaOl,. — This  compound  is  extensively  ob- 
tained in  a  crude  state  as  a  by-product  in  difl'erent  chemical  proc- 
esgjes.  It  may  be  obtained  pure  either  by  dissolving  pure  calcium 
carbonate  in  pure  hydrochloric  acid  or  by  dissolving  ordinary  chalk 
or  marble  in  liydrochloric  acid  and  freeing  the  solution  from  iron 
and  other  impurities  by  treatment  with  chlorine  and  subsequently 
milk  of  lime ;  the  mixture  is  warmed  and  filtered,  the  filtrate  being 
Snally  exactly  neutralized  with  hvdn)chloric  acid. 

If  a  concentrated  solution  of  calcium  chloride  be  set  aside  to 
crystallize,  a  salt  of  the  composition  CaCl,  +  6H2O,  containing 
nearly  50  per  cent,  of  water,  will  be  obtained  ;  but  if  the  solution 
be  evaporated  until  a  granular  powder  results,  a  very  deliquescent 
n-hite  salt  of  the  composition  CaClj  +  2HjO,  containing  about  25 
oer  cent,  of  water,  is  produced.  The  Pharmacopoeia  recognizes  only 
he  anhydrous  salt,  which  requires  for  its  preparation  a  temperature 
ihove  200°  C.  (392®  F.),  perfect  fusion  not  occurring  much  below  a 
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red  heat.     The  official  salt  is  very  deliquescent^  and  must  be  pre- 
served in  tightly  stoppered  bottles. 

Anhydrous  calcium  chloride  is  employed  in  pharmacy  chiefly  as 
a  desiccating  agent,  while  the  crystallized  salt  is  used  as  a  reagent  in 
analytical  chemistry. 

Calcinin  Hypophosphite.     OarPHjOs).. — This  salt,  the  parent 
salt  of  numerous  other  hypophosphites,  is  prepared  by  the  direct 
action  of  phosphorus  on  calcium  hydroxide  in  the  form  of  milk 
of  lime,  phosphine,  or  hydrogen  phosphide,  being  generated  at  tW 
same  time;  3Ca(OH)2  +  BH^O  +  P3  =  3Ca(PHA)2  +  2PHy  In 
order  to  avoid,  as  far  as  possible,  the  formation  of  the  very  annoy- 
ing and  spontaneously  inflammable  phosphine,  E.  Scheffer,  asearljas 
1858,  advocated  the  use  of  partially  oxidized  phosphorus,  prepared 
by  treating  it  under  water  with  atmospheric  air,  whereby  the  phos- 
phorus is  changed  to  a  spongy  condition  and  combines  more  readily 
with  lime,  even  at  the  ordinary  temperature,  but  preferably  if  the 
mixture  be  heated  to  55°  C.  (131°  F.).  When  the  reaction  has  ended, 
the  mixture  is  filtered,  the  residue  washed  with  water,  and  the  united 
filtrates  evaporated  and  granulated  or  allowed  to  crystallize. 

Calcium  hypophosphite  is  not  hygroscopic,  like  the  corresponding 
salts  of  potassium  and  sodium,  and  is  very  nearly  as  soluble  in  cold 
as  in  boiling  water.  The  Pharmacopoeia  requires  that  the  alt 
shall  contain  not  less  than  98  per  cent,  of  pure  Ca(H2P02)j,  which 
must  be  determined  gravi metrically,  as  explained  under  Potassium 
Hypophosphite;  the  former  volumetric  determination  with  potas- 
sium permanganate  being  unreliable. 

Precipitated   Oalcium    Phosphate.      OasfPO^)^.— Tricalciom 

phosphate  may  be  obtained  by  digesting  calcin^  bone  with  hydro- 
chloric acid,  whereby  acid  calcium  phosphate  and  calcium  chlowle 
are  formed,  both  of  which  remain  in  solution,  and  upon  addition  of 
ammonia  are  converted  into  tricalcium  phosphate  and  ammoninm 
chloride,  the  former  being  precipitated  and  freed  from  the  latter  l^y 
repeated  washing  with  water.  The  different  steps  in  the  pmct^? 
may  be  illustrated  by  the  following  equations:  (^^(PO^), -f  4H(1  ^ 
CaH,(PO,),  +  2CaCl,  and  CaH,(P04)2  +  2CaCl,  +  4NH,0H=rr3 
(PO,),  +  4NH,C1  +  4HjO.  If  the  precipitation  is  effected  in  a  ci4.' 
solution,  the  resulting  product  will  be  more  volnminous  but  It- 
readily  freed  from  accompanying  impurities  than  if  hot  solutions  an^ 
used.  Precipitated  calcium  phosphate  may  also  be  obtained  r-^ 
adding  a  solution  of  calcium  chloride  and  ammonia  water  to  a?'^'^" 
tion  of  sodium  phosphate,  when  the  following  reaction  will  oci^nr: 
SCaCl,  +  2NH,0H  +  2Na3HP04  =  Ca,(POj,  +  2NILa  +  4>X 
+  2H,0. 

The  calcium  phosphate  of  the  German  Pharmaoopceia  differs  fr^^ 
that  of  the  United  States  and  British  Pharmacopoeias  in  bring  ^»^ 
ondary  calcium  phosphate,  CaHP04,  obtained  by  decompositioo  -.^ 
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calcium  chloride  with  sodium  phosphate ;  it  is  a  crystalline  powder, 
containing  about  25  per  cent,  of  water,  and  has  the  formula  CaHP04 
-t  2H,0. 

Dried  Oalcimn  Stdphate. — The  terms  dried  gypsum  and  cal- 
cined plaster  are  also  applied  to  this  compound,  which  is  obtained  by 
carefully  beating  native  crystalline  calcium  sulphate,  or  gypsum, 
CaSO^  +  2H2O,  until  deprived  of  about  three-fourths  of  its  water. 
The  heat  must  be  carefully  regulated,  and  not  allowed  to  exceed 
105°  C.  (221°  F.),  as  above  this  temperature  the  last  portions  of 
water  will  be  expelled  and  the  compound  become  anhydrous.  If 
heated  to  200°  C.  (392°  F.),  gypsum  loses  its  property  of  uniting 
with  water  and  setting  to  a  firm  mass,  thus  becoming  useless  for 
surgical  purposes. 

The  official  exsiccated  calcium  sulphate  is  a  powder  containing 
about  95  per  cent,  of  calcium  sulphate  and  5  per  cent,  of  water.  It 
must  be  carefully  protected  from  moisture. 


OaO. — Calcium  oxide,  better  known  as  unslaked  or 
caustic  lime,  is  obtained  by  calcining  calcium  carbonate  in  suitable 
furnaces  known  as  lime-kilns.  Oyster-shells,  limestone,  marble, 
and  other  varieties  of  calcium  carbonate  are  used  for  the  purpose, 
the  final  product  varjnng  in  quality  according  to  the  source ;  for 
pharmaceutical  and  chemical  purposes,  lime  obtained  by  calcination 
of  white  marble  is  the  most  desirable,  being  less  contaminated  with 
impurities. 

Good  lime  occurs  in  hard  but  porous  masses,  which,  upon  addi- 
tion of  half  their  weight  of  water,  become  heated  and  are  converted 
into  a  soft  white  powder,  known  as  slaked  lime.  The  change  is  of 
a  chemical  nature,  as  is  evidenced  by  the  development  of  heat, 
resulting  in  the  formation  of  calcium  hydroxide  :  thus,  CaO  +  HjO 
=  Ca(OH)2.  Since  lime,  upon  exposure  to  air,  gradually  absorbs 
moisture,  and  finally  carbon  dioxide,  it  must  be  preserved  in  well- 
closed  vessels  in  a  dry  place.  Lime  thus  changed  by  exposure  is 
called  air>slaked  lime. 

Lime  is  used  in  pharmacy  as  a  dehydrating  agent  and  for  the 
preparation  of  the  official  solution  and  syrup  of  lime.  When  slaked 
and  mixed  with  five  or  six  times  its  weight  of  water  it  forms  a 
mixture  known  as  milk  of  lime. 

OhXorinated  Lime. — This  compound,  which  owes  its  value 
entirely  to  the  amount  of  available  chlorine  it  contains,  is  prepared 
by  exposing  slaked  lime  on  trays  to  the  action  of  chlorine  gas,  care 
bping"  taken  that  the  temperature  does  not  rise  above  25°  C.  (77° 
F.),  to  avoid  the  formation  of  calcium  chlorate.  The  views  held 
hv  chemists  regarding  the  nature  of  the  compound  formed  differ, 
and  the  question  has,  at  the  present  day,  not  been  settled.  Some 
contend  that  calcium  hypochlorite,' calcium  chloride,  and  water  are 
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produced,  according  to  the  equation  2Ca(OH)j  +  CI4  =  Oa(C10),r 
CaClj  +  2H2O,  while  others  regard  the  dry  product  as  having  the 
composition  CaOCl,  or  CaCl(OCl),  which,  upon  the  addition  rf 
water,  breaks  up  into  calcium  hypochlorite  and  chloride.  The  pre- 
ponderance of  opinion,  at  present,  is  in  favor  of  the  latter  vie?, 
partly  because  the  richest  commercial  samples  of  chlorinated  lime 
or  bleaching  powder  thus  far  produced  do  not  contain  the  proportioo 
of  available  chlorine  (about  49  per  cent)  which  the  compound 
Ca(ClO),  +  CaCl,  +  2H,0  should  yield. 

The  term  "  chloride  of  lime,"  usually  applied  to  this  subgtance 
in  commerce,  is  a  misnomer,  probably  given  to  it  long  before  the 
chemical  nature  of  the  manufacturing  process  was  understood. 

Chlorinated  lime  always  contains  some  calcium  hydrozide,  to 
which  its  partial  insolubility  in  water  is  due.  It  should  be  kept  in 
a  cool,  dry  place,  and  protected  from  light,  since  the  latter  has  a 
deleterious  effect  upon  it,  causing  a  loss  of  chlorine  and  oxy^Q) 
with  production  of  calcium  chlorate  and  chloride.  If  of  good  qiudity, 
chlorinated  lime  is  not  deliquescent,  the  latter  phenomeDon  indicat- 
ing decomposition. 

Solutions  of  chlorinated  lime  should  always  be  prepared,  without 
heat,  by  trituratine  the  powder  in  a  mortar  with  successive  portions 
of  water  and  rapidly  filtering  through  paper  or  cotton. 

The  Pharmacopoeia  requires  that  the  official  product  shall  con- 
tain at  least  30  per  cent,  of  available  chlorine,  which  may  be  dete^ 
mined,  as  in  the  case  of  solution  of  chlorinated  soda,  by  trcaimeul 
with  hydrochloric  acid  and  potassium  iodide  and  subsequent  titra- 
tion of  the  liberated  iodine  with  sodium  thiosulphate.  When  hvdn»- 
chloric  acid  is  added  to  chlorinated  lime,  the  following  decompositii>o 
takes  place :  2Ca(C10)CI  or  (Ca(ClO),  +  CaCy  +  4HC1  =  CV 
2CaCl2  +  2H2O.  The  action  of  nascent  chlorine  on  potassium  iodide 
has  been  explained  on  page  515,  and,  from  the  amount  of  yV  stJion* 
thiosulphate  solution  used  to  decolorize  the  iodine  solution,  the 
weight  of  liberated  chlorine  can  be  calculated.  In  the  official  test. 
between  3  and  4  Gm.  of  the  sample  are  accurately  weighed  and  then 
shaken  with  sufficient  water  to  make  1000  Cc.  of  the  mixture,  ot 
which  100  Cc,  representing  one-tenth  of  the  original  weight  of  clil"- 
rinated  lime  taken,  are  used  for  the  assay.  As  each  Cc.  of  the  sodium 
thiosulphate  solution  required  to  decolorize  the  solution  correspon^ii 
to  0.003518  Gm.  of  chlorine,  the  number  used,  when  multiplie«l  ^' 
0.3518  (0.003518  X  100)  and  divided  by  the  weight  of  ehlorinaieii 
lime  represented  by  the  100  Cc.  of  mixture  taken,  will  express  tbe 
percentage  of  available  chlorine  present. 

Stdphurated  Lime. — The  official  process  for  this  prepai^ti-? 
consists  in  heating  a  mixture  of  70  parts  of  dried  calcium  sulphate. 
10  parts  of  charcoal,  and  2  parts  of  starch,  in  a  loosely  cnven?- 
crucible,  to  bright  redness  until  a  uniform  gray  color  results.    Tl 
reaction  consists  in  the  reduction  of  calcium  sulphate  to  sulpHi ' 
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and  the  formation  of  carbon  monoxide  and  dioxide,  which  escape, 
thus :  CaSO,  +  Cj  =  CaS  +  2CO  +  CO^.  The  starch  simply  aids 
in  the  reduction,  which,  however,  is  not  complete,  as  the  finished 
product  contains  unchanged  calcium  sulphate  and  carbon  in  varying 
proportions. 

oulphurated  lime,  being  liable  to  decomposition  when  exposed  to 
air,  must  be  carefully  preserved  in  aiivtight  vessels.  The  official 
article  is  required  to  contain  at  least  65  per  cent,  of  calcium  mono- 
sulphide,  upon  which  the  virtues  of  the  preparation  depend ;  the 
determination  being  made  by  adding  1  6m.  of  sulphurated  lime  to 
a  cold  solution  of  1.9  Gm.  of  cupric  sulphate,  followed  by  10  Cc.  of 
diluted  hydrochloric  acid  in  divided  portions,  when  the  copper  should 
be  completely  precipitated  as  sulphide.  The  equation  CuSO^SHjO  + 
CaS  =  CuS  +  CaSO^  +  5HjO  shows  that  247.86  parts  of  cupric 
sulphate  require  71.63  mrts  of  calcium  monosulphide ;  hence  1.9 
Gm.  will  require  0.5491  Gm.,  which  is  practically  56  per  cent,  of  1 
Gm. 

The  official  title  does  not  appear  to  have  been  well  chosen,  and 
the  name  Calcii  Sulphidum  Venale,  Commercial  Calcium  Sulphide, 
would  convey  a  better  idea  of  the  character  of  the  compound,  espe- 
cially as  the  official  requirement  is  for  not  less  than  55  per  cent,  of 
pure  CaS,  which  in  some  samples  has  been  found  to  run  even  as  high 
as  70  per  cent,  and  over. 

Solution  of  Lime. — This    liquid,   more   familiarly  known  as 
lime  water,  is  intended  to  be  a  saturated  solution  of  calcium  hydrox- 
ide.    The  official  directions  for  its  preparation  are  simple  and  easily 
followed  :  a  convenient  quantity  of  lime  having  been  slaked  is  mixed 
with  30  times  its  weight  of  water  and  frequently  agitated  during  a 
half-hour ;  the  liquid  is  decanted  and  thrown  away,  and  to  the  residue 
is  added  about  300  times  as  much  water  as  the  weight  of  original  lime 
used,  and  the  mixture  poured  into  bottles.   The  object  of  rejecting  the 
first  solution  obtained  after  half  an  hour^s  maceration  of  the  slaked 
lime  with  water  is  to  get  rid  of  the  more  soluble  impurities,  after 
which  the  purified  lime  is  kept  in  contact  with  water  as  long  as  it 
continues  to  furnish  a  saturated  solution.     It  must  not  be  supposed, 
however,  that  even  the  best  lime  will  furnish  unlimited  quantities  of 
good  lime  water,  and  the  supply  should  be  tested  from  time  to  time, 
either  volumetrically,  as  directed  by  the  Pharmacopceia,  or  empiri- 
cally,  by  breathing  into  a  small  quantity  of  it  through  a  glass  tube 
or  boiling  a  little  of  it  in  a  test-tube — in  either  case  a  turbid  liquid 
should  result,  due  to  the  separation  of  calcium  carbonate  in  the  first 
place,  or  calcium  hydroxide  in  the  second. 

Lime  water  is  a  very  important  article  in  pharmacy,  abd  should 
receive  careful  attention,  as  it  is  chiefly  used  as  an  antacid  for 
infants.  Pure  lime,  free  from  alum,  should  be  used,  and  either 
distilled  water  or  that  which  has  been  boiled  and  cooled.  The  sup- 
ply of  lime  water  should  be  kept  in  tightly  corked  bottles,  in  a 
cool    place,    as  carbon   dioxide    is   readily  absorbed   and   heat  is 
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unfavorable  to  solution  of  the  lime.  Lime  water  is  best  decantt^ 
from  the  sediment— or,  if  filtered,  this  must  be  done  undercover 
— the  sediment  should  then  be  again  well  distributed  in  the  liquid, 
by  agitation,  after  the  desired  supply  of  solution  has  been  with- 
drawn. 

While  a  saturated  aqueous  solution  of  lime  at  15°  C.  (59°  F.) 
contains  about  1.70  or  1.75  Gm.  of  calcium  hydroxide  in  every 
liter,  the  official  requirement  of  not  less  than  0.14  per  cent  more 
nearly  represents  the  average  strength  of  good  lime  water.  Accord- 
ing to  the  equation  HjSO^  +  Ca(OHl  =  CaSO^  +  2HjO,  showing 
that  97.35  Gm.  of  the  acid  are  capable  of  neutralizing  73.56  Gm. 
of  calcium  hydroxide,  each  Cc.  of  --^  acid  containing  0.(X)48675  Gm. 
of  absolute  HjSO^,  used  in  the  official  test,  corresponds  to  O.007356 
per  cent,  or  0.003678  Gm.  of  Ca(OH)„  and  19  Cc.  will  indicate 
0.007356  X  19  or  0.14  per  cent. 

Sjrrup  of  Lime. — ^This  preparation  contains  a  much  larger 
proportion  of  lime  in  solution  than  lime  water,  owing  to  the  preseiu% 
of  sugar,  and  is,  therefore,  preferred  in  some  cases.  It  is  saiil  lo 
have  been  used  with  good  results  as  an  antidote  in  cases  of  poisoning 
by  carbolic  acid.  As  stated  on  page  247,  syrup  of  lime  when 
freshly  prepared  contains  alK)Ut  3.2  Gm.  of  lime,  CaO,  in  even*  KW 
Cc.  (about  16  grains  in  1  fluidounce);  as  it  ab.sorbs  carbon  dioxide 
rapidly  from  the  air,  it  must  be  carefully  preserved,  and  when  fil- 
tration is  necessary,  as  in  its  preparation,  covered  funnels  only  should 
be  used. 

The  saccharated  solution  of  lime  of  the  British  Pharmacopoeia 
is  a  similar  preparation,  but  contains  only  about  one-half  as  much 
calcium  oxiae  in  solution, 

Sjrrup  of  Calcium  Lactophosphate. — This  syrup  has  been  follj 
nsidered  on  page  247. 

Among  the  non-official  salts  of  calcium  there  is  one  deservinp 
of  special  mention,  as  it  has  been  used  by  physicians  more  or  le^? 
frequently  during  the  past  six  or  eight  years : 

Oalcinm  Glycerophosphate.     CaCsH^OsFO^  +  H^O  or  C^Hr 

(OH)3CaP04  +  HjO.— This  salt  is  usually  obtained  by  Deutralizin? 
a  solution  of  glycerophosphoric  acid  (which  see  under  Glycerin!  vitb 
milk  of  lime  or  calcium  carbonate,  filtering  the  mixture,  and  a»D- 
centrating  the  clear  filtrate  in  a  vacuum  apparatus.  The  calciuni 
glycerophosphate  is  then  precipitated  from  the  concentrated  H»iu- 
tion  by  addition  of  alcohol,  and  further  washed  with  alcohol  i" 
remove  adhering  glycerin.  It  occurs  as  a  white  crystalline  powiR 
soluble  in  20  parts  of  water  at  ordinarj^  temperatiut?,  but  less  soluUt 
in  hot  water. 
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StrontiTiin  Bromide.  SrBrj  +  6H2O. — This  salt  may  be  pre- 
pared by  neutralizing  diluted  hydrobromic  acid  with  pure  strontium 
carbonate  added  in  excess,  filtering  the  mixture,  and  evaporating  the 
solution  until  crystals  begin  to  form.  Upon  cooling,  the  salt  sepa- 
rates in  crystals,  which  should  be  dried  at  a  moderate  heat. 

Since  pure  strontium  carbonate  is  difficult  to  obtain,  the  use  of 
pure  strontium  hydroxide  has  been  suggested  instead,  as  the  latter 
may  be  prepared  readily  from  the  nitrate  by  converting  it  into  oxide 
by  calcination  and  then  slaking  this  with  water,  removing  any 
barium  and  calcium  present  by  further  appropriate  treatment  with 
water. 

The  official  salt  contains  about  30.4  per  cent,  of  water  of  crystal- 
lization, and  deliquesces  rapidly  upon  exposure  to  air.     It  can  be 
rendered  anhydrous  by  heating  to  120°  C.  (248°  F.).  The  Pharma- 
copoeia requires  that  the  crystalline  salt  shall  contain  not  less  than 
97  per  cent,  of  pure  strontium  bromide,  to  be  determined  by  titra- 
tion with  y^  AgNO,  solution.     In  the  official  test  0.5  Gm.  of  abso- 
lutely pure  SrBrj  would  require  28.33  Cc.  of  the  silver  solution,  and 
a  like  weight  of  pure  strontium  chloride  would  require  37.79  Cc. ; 
hence  each  0.0946  Cc.  used  in  excess  of  28.33  indicates  1  per  cent, 
of  chloride,  and    1.07  (29.4  —  28.33)   Cc.  would   represent  11.31 
per  cent,  if  strontium  chloride  be  the  only  impurity  present,  which 
is  entirely  too  large;  but  it  must  not  be  overlooked  that  calcium  salts, 
if  present,  will  also  materially  increase  the  quantity  of  silver  solu- 
tion required  for  comj)lete  precipitation.     Tne  lower  limit  allowed, 
27.48  Cc,  indicates  0.485  Gm.  of  the  crystalline  strontium  bromide, 
or  97  per  cent.     Barium  and  calcium  bromides  may  be  present  as 
impurities ;  for  the  former  the  Pharmacopoeia  prescribes  a  limit  test, 
while  the  latter  is  ignored. 

Strontium  Iodide.  Srlj  +  6H3O. — Like  strontium  bromide, 
this  salt  may  be  prepared  either  from  pure  strontium  carbonate  or 
hydroxide  by  solution  in  the  respective  acid,  but,  since  solution  of 
hydriodic  acid  is  rather  unstable,  it  should  be  freshly  prepared  for 
the  purpose.  The  process  is  identical  with  that  for  the  preceding 
salt. 

Strontium  iodide  is  also  deliquescent,  but  contains  less  water  of 
crystallization  (24.05  per  cent.)  tlian  the  bromide.  By  exposure  to 
air  and  light  it  is  colored  yellow,  and  must,  therefore,  be  preserved 
in  dark,  amber-colore<l  bottles. 

The  Pharmacopceia  demands  at  least  98  per  cent,  purity  for  the 
crvstallized  salt.  In  tiie  official  test,  0.5  Gm.  of  the  salt,  dissolved 
in'  water,  is  precipitated  by  addition  of  an  excess  of  ^^  AgNOj 
solution  in  the  presence  of  nitric  acid,  the  excess  being  determined 
by  means  of  potassium  sulphocyanate  solution,  using  ferric  ammo- 
nium sulphate  as  indicator.     The  Pharmacopoeia  requires  that  not 
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less  than  21.9(25—3.1)  nor  more  than  23.3  (25— l,7)Cc.oftlie 
silver  solution  shall  be  used,  the  0.5  6m.  of  salt  used,  if  absolatelj 
pure,  requiring  22.42  Cc.,  and  if  containing  98  per  cent,  of  Srij, 
21.5*2  Cc.  As,  in  the  case  of  the  preceding  salt,  the  preseooe  of 
barium  will  lower  the  quantity  of  silver  nitrate  solution  necessaiy 
for  complete  precipitation,  while  the  presence  of  calcium  aod  of 
chlorides  will  increase  the  same. 

Strontium  Salicylate.  Zr{(a^O^^ + 2H2O  or  (O3H«(OH)000):Sr 

-f  2H2O. — ^This  salt  may  be  prepared  by  suspending  10  parts  of  salic- 
ylic acid  in  100  parts  of  hot  water  and  gradually  adding  5.34  part* 
of  strontium  carbonate  free  from  iron ;  when  effervescence  has  ceased 
the  solution  is  filtered  and  then  allowed  to  crystallize,  or  it  may  be 
evaporated  to  dryness. 

The  Pharmacopoeia  requires  98.5  per  cent  purity  for  this  salt, 
which  is  determined  gravimetrically  by  heating  0.5  Gm.  of  it  with 
sulphuric  acid  in  a  crucible  and  finally  igniting  the  newlj  formed 
sulphate  until  white  and  of  constant  weight ;  the  residue  of  anhy- 
drous strontium  sulphate  should  weigh  not  less  than  0.227  6m.  As 
394.72  parts  of  pure  crystallized  strontium  salicylate  are  capable  of 
yielding  182.29  parts  of  anhydrous  strontium  sulphate,  0.5  Gm.  if 
pure,  should  yield  0.230  +  Gm.,  and  if  98.5  per  cent,  pure  at  least 
0.2265  Gm.  should  be  obtained^  which  is  practically  0.227  Gm. 


CHAPTER     XLVI. 

THE  COMPOUNDS  OF  MAGNESIUM. 

Although  the  official  magnesium  salts  are  but  few  in  number, 
thev  are  extensively  employed  both  by  physicians  and  in  domestic 
practice.  The  Pharmacopoeia  recognizes  6  preparations  of  magne* 
sium,  of  which  1  is  a  liquid.     The  following  comprise  the  list : 

OfflcUl  English  Name.  Official  Latin  Name. 

Magnesium  Oxide  (Magnesia),  Magnesii  Oxidum. 

Heavj  Magnesia,  Magnesii  Oxidum  Ponderosuin. 

Magnesium  Oirbonate,  Magnesii  Carbonas. 

Magnesium  Sulphate,  Magnesii  Sulphas. 

Effervescent  Magnesium  Sulphate,  Magnesii  Sulphas  EfTeryescens. 

Solution  of  Magnesium  Citrate,  Liquor  Magnesii  Citratis. 

Hagnesia.  MgO. — The  name  calcined  magnesia,  by  which  this 
compound  is  commonly  known,  indicates  the  manner  of  its  prepara- 
tion. Magnesium  carbonate  is  pressed  somewhat  firmly  into  a  cru- 
cible and  then  heated  to  dull  redness,  whereby  carbon  dioxide  and 
water  are  expelled,  leaving  about  42  per  cent,  of  residue  consisting 
of  magnesium  oxide.  The  process  is  known  to  be  completed  when 
a  small  quantity  of  the  residue,  suspended  in  water,  no  longer  effer- 
vesces upon  addition  of  an  acid.  The  heat  is  not  allowed  to  rise  to 
fall  redness  unless  the  powder  can  be  kept  constantly  stirred,  other- 
wise the  magnesia  is  very  apt  to  become  granular.  The  following 
equation  illustrates  the  change  taking  place  :  4MgC03  +  Mg(OH), 
+  5H,0  =  5MgO  +  4CO,  +  eHjO. 

Two  varieties,  a  light  and  a  dense  calcined  magnesia,  occur  in 
commerce ;  the  latter  is  recognized  in  the  Pharmacopoeia  as  heavy 
magnesium  oxide,  or  heavy  magnesia. '  The  two  varieties  are  obtained 
in  the  same  manner,  but  from  light  and  heavy  maraesium  carbonate, 
respectively.   Light  magnesia  is  the  kind  generally  used,  and  should 
invariably  be  employed  when  magnesia  is  to  be  dispensed  in  aqueous 
suspension  ;  small  quantities  of  water  cannot  be  mixed  with  it  with- 
out rendering  it  harsh  and  gritty,  and,  if  1  part  of  magnesia  be 
added  to  15  parts  of  water,  the  mixture  will  soon  set  to  a  gelatinous 
mass,  hence  care  must  be  observed  that  sufficient  water  be  used  to 
overcome  this  tendency,  and  never  should  the  water  be  added  to  the 
magnesia,  but  always  the  magnesia  to  the  water.     This  peculiar 
behavior  with  water  is  due  to  the  formation  of  gelatinous  magnesium 
hydroxide,  Mg(0H)2,  and  is  characteristic  of  light  magnesia,  heavy 
magnesia  not  readily  uniting  with  water. 

Light  and  heavy  magnesia  do  not  differ  from  each  other  chemi- 
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cally ;  the  latter  is  a  smoother  and  denser  powder,  preferred  for  use 
in  powder  mixtures  on  account  of  its  smaller  bulk. 

The  Pharmacopoeia  requires  official  magnesia  to  contain  not  less 
than  96  per  cent,  of  pure  magnesium  oxide,  to  be  determiued  by 
dissolving  0.4  Gm.  of  recently  ignited  and  cooled  magnesia  in  an 
excess,  25  Cc,  of  normal  sulphuric  acid  and  titrating  the  excess  by 
means  of  normal  KOH  solution ;  not  more  than  5.8  Cc.  of  the  latter 
sliould  be  required,  showing  that  1 9.2  Cc.  of  the  acid  have  been 
used  by  the  magnesia.  As  each  Cc.  of  normal  acid  corresponds  to 
0.020003  Gm.  of  MgO,  it  represents  5  per  cent,  of  the  0.4  Gm. 
taken  for  the  test,  and  19.2  Cc.  will  represent  96  per  cent. 

Since  magnesia  absorbs  moisture  and  carbon  dioxide  readily  from 
the  air,  it  must  be  preserved  in  tightly  closed  tin  or  glass  vessels. 
The  Pharmacopoeia  demands  that  only  slight  traces  of  carbonate 
shall  be  present,  and  not  more  than  15  per  cent,  of  water  of  hydration. 

Magnesium   Carbonate.    4MgC0s  +  Mg(aB)^  +  5H,0.— As 

shown  by  the  chemical  formula,  the  official  magnesium  carbonate  is 
not  a  pure  normal  carbonate,  but  is  composed  of  magnesiam  car- 
bonate and  hydroxide  united  with  water.  It  is  prepared  by  mutual 
decomposition  between  solutions  of  magnesium  sulphate  or  chloride, 
and  of  sodium  carbonate ;  the  composition  of  the  resulting  precipi- 
tate depends  upon  the  concentration  of  the  solutions  employed,  and 
the  temj>erature  at  which  the  decomposition  is  effected  and  the  pre- 
cipitate dried.  Pure  normal  magnesium  carbonate  is  never  obtained 
when  a  solution  of  the  sulphate  or  chloride  is  mixed  with  an  alkali 
carbonate,  but  always  a  basic  carbonate,  the  proportion  of  nomal 
carbonate  present  in  the  precipitate  being  greatest  when  dilate  solu- 
tions are  used  at  ordinary  temperature. 

If  solutions  of  magnesium  sulphate  and  sodium  carbonate  be 
mixed  in  the  cold,  no  carl)on  dioxide  is  eliminated,  a  volumiDOUs 
precipitate  of  basic  magnesium  carbonate  being  thrown  down,  while 
an  acid  magnesium  carbonate,  MgH2(C03)2,  remains  in  golution: 
but  if  the  solutions  be  mixed  warm  or  hot,  carbon  dioxide  is  evolvtd. 
The  reaction  producing  the  official  magnesium  carbonate  is  prob- 
ably as  follows:  5(MgSO,  -f  TH^O)  +  5(Na2C03 -|- 10H,O)  = 
(4MgC03  +  Mg(OH),  +  5H2O)  +  5Na2SO,  +  CO,  +  79HA 
dilute  solutions  being  used  and  mixed  at  a  temperature  not  above 
65°  C.  (131°  F.)  ;  the  precipitate  is  washed  to  remove  sodium  sul- 
phate and  dried  without  heat. 

Both  light  and  heavy  magnesium  carbonate  occur  in  commerce. 
being  manufactured  extensively  in  this  country  and  in  Englaml. 
The  U.  S.  Pharmacopojia  recognizes  onljr  the  light  variety,  as  imli- 
cated  by  the  official  description ;  this  is  also  known  as  maffttem 
alba.  It  demands  that  official  magnesium  carbonate  shall  upm 
ignition  yield  not  less  than  40  per  cent,  of  residue,  of  which  not 
less  than  96  per  cent,  shall  consist  of  pure  magnesium  oxide. 
The  British  Pharmacopoeia  recognizes  both  the  light  and  the  heavy 
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magnesium  carbonate,  and  gives  working  formulas  for  their  prepara- 
tion, which  differ  from  each  other  only  in  the  concentration  of  the 
solutions  used  and  in  the  length  of  time  the  mixture  is  boiled ;  the 
official  English  mi^nesium  carbonate  has  the  composition  SMgCO, 
+  Mg(OH),  +  4HA 

Considerable  magnesium  carbonate  is  also  made  in  England  from 
dolomite,  a  native  magnesium  limestone,  by  ignition  and  treatment 
with  ivater  and  carbon  dioxide  under  pressure ;  acid  magnesium  car- 
bonate is  formed  and  readily  dissolved,  and  the  solution,  separated 
from  the  calcium  carbonate,  is  treated  with  steam,  whereby  the  basic 
carbonate  is  precipitated. 

Magnesium  Sulphate.  MgSO^  +  THgO.— This  salt,  better 
known  as  Epsom  Salt  (a  name  given  to  it  in  connection  with  its  first 
production  at  Epsom,  England,  in  1695),  may  be  made  from  native 
magnesium  carbonate,  magnesite^  by  treatment  with  diluted  sul- 
phuric acid,  but  is  obtained  on  a  more  extensive  scale  from  kieserite, 
a  native  magnesium  sulphate,  found  near  Stassfurt,  in  Germany.  The 
mineral  is  first  heated  by  itself  and  then  treated  with  boiling  water, 
whereby  the  magnesium  sulphate  is  brought  into  solution,  being  sub- 
sequently purified  by  crystallization. 

Magnesium  sulphate  contains  51.13  per  cent,  of  water  of  crystal- 
lization, and  slowly  effloresces  on  exposure  to  dry  air.  The  small 
acicular  or  rhombo-prismatic  crystals,  in  which  form  it  occurs  in 
conamerce,  are  produced  by  agitation  of  the  crystallizing  solution, 
whereby  the  formation  of  large  crystals  is  prevented. 

The  Pharmacopoeia  demands  an  almost  absolutely  pure  product, 
requiring  that  official  magnesium  sulphate  shall  contain  not  less  than 
99.7  per  cent,  of  the  crystallized  salt. 

Several  natural  purgative  waters,  known  as  bitter  waters,  owe 

their  therapeutic  properties  to  the  magnesium  sulphate  which  they 

contain. 

The  German   Pharmacopoeia  directs  the   preparation  of  dried 

magnesium  sulphate,  for  dispensing  purposes,  in  powder-form.     It 

is  made  by  gradually  heating  crystallized  magnesium  sulphate  on  a 

water-bath  until  about  two-thirds  of  the  water  has  been  expelled ; 

the   resulting  white  powder   must   be   preserved   in  tightly  corked 

bottles. 

EfTeryescent  Illagnesium  Sulphate. — This  preparation,  intro- 
duced into  the  Pharmacopoeia  to  replace  the  former  official  efferves- 
cent  magnesium  citrate,  represents  about  50  per  cent,  of  its  weight 
of  crystallized  magnesium  sulphate.     The  latter  is  deprived  of  its 
water  of  crystallization,  by  heating  on  a  water-bath,  before  mixing  it 
with    the  citric  and  tartaric  acids  and   sodium  bicarbonate.      The 
granular  compound  is  made  by  the  general  process  directed  in  the 
JPharinacopoeia  for  the  preparation  of  all  granular  effervescent  salts, 
^nd    has  already  been  considered  in  the  chapter  on  Granular  Effer- 
vescent Salts  (see  page  410). 
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Solution  of  Magnesinm  Citrate. — This  popular  preparation 
is  directed  to  be  made  by  first  forming  a  solution  of  citric  acid 
33  Gm.,  magnesium  carbonate  15  Gm.,  and  water  120  O.,  and  add- 
ing to  it  water  180  Cc.,  syrup  of  citric  acid  60  Cc.,  and  potassiiim 
bicarbonate  2.5  Gm.,  whereby  the  liquid  is  rendered  effervescent  and 
more  agreeable  in  taste.  The  magnesium  carbonate  and  citric  add 
are  ordered  in  the  proper  proportions  for  the  formation  of  acid 
magnesium  citrate,  whicn  is  more  soluble,  and  therefore  remains  in 
solution  better  than  the  normal  citrate.  The  equation  (4Mg00,-i- 
Mg(OH)3  +  5H,0)  +  5(HAHA  +  H,0)  =  5MgHCeHA  +  4C0« 
+  IBHjO  shows  that  1  molecule  or  482.26  Gm.  of  official  magnesium 
carbonate  requires  5  molecules  or  1042.5  Gm.  of  citric  acid;  hence 
15  Gm.  will  require  32.43  Gm. 

When  the  solution  is  made  up  for  stock,  trouble  sometimes  arises 
from  the  use  of  plain  water,  and  fungi  have  been  met  with  in  the 
finished  product  after  the  lapse  of  some  time,  which  renders  the 

E reparation  unsightly  and  unsalable.  This  may  be  overcome  by 
oiling  and  filtering  the  water  to  be  used.  As  retention  in  the  solu- 
tion of  all  carbon  dioxide,  from  the  potassium  bicarbonate,  adds  mate- 
rially to  the  refreshing  taste,  the  bottles  should  be  securely  stoppered 
and  kept  in  a  cool  place,  lying  on  the  side.  Unless  patent  stoppers 
are  attached  to  the  bottles,  sound,  soft  corks  only  should  be  used,  and, 
having  first  been  swelled  in  water  for  an  hour,  they  should  be  driven 
firmly  into  the  neck  of  the  bottles  and  then  secured  with  twine  or 
wire. 

In  connection  with  the  preceding  magnesium  compounds  another 
may  be  considered,  because  of  its  use  in  pharmacy,  which  is  ofiScially 
recognized  under  the  name  Talcum.  Commercial  talc,  which  is 
defined  as  a  native  hydrous  magnesium  silicate,  occurs  of  varying 
degrees  of  purity,  but  in  its  natural  state  is  not  suitable  for  pharma- 
ceutical work,  and  hence  the  Pharmacopoeia  directs  the  preparation 
of  a  purified  article  for  use  as  a  filtering  medium. 


Talcum  Pnriflcatum.    Purified  Talc— The  official  direodonf 

for  preparing  this  filtering  agent  are  intended  to  remove  iron  and 
such  other  impurities  as  may  be  soluble  in  the  boiling  water  contain- 
ing about  2  per  cent,  of  hydrochloric  acid.  The  treatment  is  re- 
peated with  a  weaker  acid,  after  which  the  insoluble  residue  is 
washed  with  water  until  all  traces  of  the  acid  have  been  removed, 
and  the  purified  talc  is  then  dried  at  110°  C.  (230°  F.).  AVben 
thus  treated,  purified  talc  should  be  entirely  free  from  iron  and  upon 
ignition  leave  not  less  than  95  per  cent,  of  residue.  The  limit  of 
soluble  substances  allowed  is  fixed  by  the  Pharmacopoeia  at  0.01 
per  cent.,  or  1  part  in  10,000.  Purified  talc  is  an  excellent  filterii^ 
medium  if  used  in  powder  of  about  No.  60,  or  at  the  utmost  N*o.  SCK 
fineness,  but  the  bolted  varieties  used  for  dusting  purposes  are  ud» 
suitable,  as  they  will  pass  through  the  filter  paper. 


CHAPTER   XLVII. 

THE  COMPOUNDS  OF  ALUMINUM  AND  CERIUM. 

There  are  but  4  compounds  of  aluminum  and  1  of  cerium 
recognized  in  the  Pharmacopceia^  as  shown  by  the  following  list : 

Official  English  Name.  Official  Latin  Name. 

Aluin,  Alumen. 

Exsiccated  Alum,  Alumen  Exsiccatum. 

Aluminnm  Hydroxide^  Alumini  Hydroxidom. 

Alominom  Sulphate,  Alumini  Sulphas. 

Cerium  Oxalate,  Cerii  Oxalas. 

THE  COMPOXTNDS  OF  ALUMINXTM. 

Alum.     A1K(S04)2  +  I2H2O. — In  pharmacy  and  medicine  the 
term  alum  is  applied  to  but  one  compound,  although  chemists  recog- 
nize under  the  general  name  of  alum  several  definite  salts,  the  char- 
acteristics of  which  are  that  they  are  double  sulphates  of  a  univalent 
and  trivalent  element,  are  isomorphous,  crystallizing  in  the  r^ular 
system  of  the  cube  and  octahedron,  and  contain  12  molecules  of 
water  of  crystallization.     The  univalent  elements  present  may  be 
either  potassium,  sodium,  ammonium,  caesium,  rubidium,  or  silver, 
while  the  trivalent  element  need  not  necessarily  be  aluminum,  its 
place   being   sometimes   taken  by  iron,  chromium,  or  manganese. 
The  official  alum  is  designated  more  specifically  as  potassium  alum ; 
besides  this,  the  following  are  also  known  :  ammonia  alum,  AINH4- 
(SO^),  +  12H20;   chrome  alum,  CrK(SOA+ 12HjO;   iron  alum, 
PeNH,(S04),  +  12HA  etc. 

Crude  alum  occurs  in  nature  in  the  form  of  alunite  or  alumstone, 
a  mixture  of  aluminum  hydroxide  and  aluminum  and  potassium  sul- 
phates ;  from  this,  as  well  as  from  alum-shale  and  the  minerals 
cryolite  and  bauxite,  official  alum  is  obtained.  Calcination  and 
lixiviation,  as  well  as  treatment  with  sulphuric  acid  and  addition  of 
potassium  sulphate  or  chloride,  are  brought  into  requisition  in  the 
different  processes,  crystallization  finally  being  employed  for  the 
purpose  of  purification.  Owing  to  the  presence  of  iron  in  the 
minerals  from  which  alum  is  made,  it  is  often  found  in  the  latter, 
but  should  not  exceed  traces,  as  determined  by  the  official  test  with 
potassium  ferrocyanide. 

Potassium  alum  is  not  quite  so  soluble  as  ammonium  alum,  which 
latter  "Wbs  formerly  recognized  in  the  Pharmacopoeia,  ana  is  still 
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more  extensively  handled  in  commerce  than  the  official  article,  partly 
on  account  of  its  lower  price.  The  British  Pharmacopoeia  recognizes 
both  varieties.  Ammonium  alum  may  be  readily  distinguished  from 
the  official  alum  by  the  evolution  of  an  ammoniacal  odor  upon  trita- 
ration  with  potassium  or  sodium  hydroxide  or  carbonate ;  moreover, 
upon  heating,  ammonium  alum  leaves  a  final  residue  of  pure  alamina, 
while  the  residue  from  official  alum  contains  potassium  sulphate  in 
addition. 

Exsiccated  Alum,  better  known  as  Dried  Alnm.    AIK(80^ 

— Crystallized  potassium  alum  contains  45.50  per  cent,  of  water  of 
crystallization,  which  may  be  entirely  expelled  at  a  temperature  of 
200°  C.  (392°  F.).  In  the  official  process  for  preparing  dried  or 
exsiccated  alum  the  crystals  are  first  msed  in  a  shallow  capsule,  the 
heat  being  then  increased  and  continued  until  10  parts  have  been 
reduced  in  weight  to  5.5  parts  and  a  white  porous  mass  remains, 
which  is  preserved  in  powder-form  in  tightly  stoppered  bottles.  A 
temperature  exceeding  200°  C.  (392°  F.)  must  be  avoided,  to  pre- 
vent decomix>sition  and  change  of  the  aluminum  sulphate  to  alumina, 
with  loss  of  sulphuric  acid. 

Dried  alum,  although  completely  but  slowly  soluble  in  water,  r^ 
quires  about  twice  as  much  water  for  solution  as  the  crystallized  aloni. 
It  is  commercially  better  known  as  burnt  alum,  and  is  realized  by 
that  name,  alumen  vstum,  in  the  German  Pharmacopoeia. 

Aluminum  Hydroxide.  A1(0H)3.— The  Pharmacopoeia  directs 
this  compound  to  be  prepared  by  gradually  pouring  a  hot  solution 
of  alum  into  a  hot  solution  of  monohydrated  sodium  carbonate,  iv- 
peatedly  washing  the  resulting  precipitate  with  hot  water,  and  finally 
drying  the  residue  at  a  temperature  not  above  40°  C.  (104°  F.). 
The  decomposition  is  accompanied  by  the  evolution  of  carbon  dioxide, 
and  may  be  illustrated  as  follows :  2(A1K(S04)2  +  12HjO)  +  3(>V 
CO3  +  H2O)  =  2Al(OH^3  +  K^O,  +  3Na^,  +  SCO,  ^  24H,0; 
this  peculiar  action  is  characteristic  of  certain  metals — ^aluminiim, 
iron  in  the  ferric  state,  and  chromium,  the  oxides  of  which  exhibit 
weak  basic  properties  and  fail  to  combine  with  carbonic  acid,  but  are 
precipitated  as  hydroxides  when  their  soluble  salts  are  acted  upon  by 
alkali  carbonates. 

The  object  of  using  hot  solutions  of  the  two  salts  and  of  addiDg 
the  alum  solution  slowly  to  the  alkaline  liquid,  is  to  prevent  tbe 
formation  of  basic  aluminum  sulphate  and  to  facilitate  the  complete 
removal  of  alkali  and  sulphuric  acid,  which  would  be  persistently 
retained  by  the  precipitated  hydroxide  if  the  precipitation  took  pl«* 
in  the  presence  of  an  excess  of  alum.  The  use  of  hot  liquids  aiso 
facilitates  elimination  of  the  carbon  dioxide. 

Drying  the  precipitate  at  a  moderate  temperature  is  desirable  to 
insure  a  smooth  product,  as  a  high  heat  would  cause  partial  dccc«o- 
position  and  a  gritty  powder. 
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Almnmiun  Sulphate.  Al2(S04)3  +  I6H2O.— This  salt  is  prefer- 
ably prepared  for  niedieinal  purposes  by  dissolving  freshly  prepared 
aluminum  hydroxide  in  a  sufficient  quantity  of  sulphuric  acid  prop- 
erly diluted  with  water.  An  excess  of  acid  should  be  avoided^  as 
also  an  excess  of  the  hydroxide ;  in  the  event  of  the  latter^  basic 
sulphates  are  likely  to  be  formed.  100  Gm.  of  aluminum  hydroxide 
(obtained  from  607..45  Gm.  of  official  alum)  require  188.32  6m.  of 
absolute,  or  203.58  Gm.  of  official,  sulphuric  acid  to  form  a  normal 
salt  The  gelatinous  hydroxide  will  dissolve  quite  readily,  and  the 
solution  having  been  filtered  is  evaporated  on  a  water-bath  until  a 
crystalline  residue  is  obtained. 

Aluminum  sulphate  contains  about  the  same  percentage  of  water 
of  crystallization  as  official  alum,  but  is  far  more  soluble  (about 
nine  times)  than  the  latter. 

Besides  the  official  aluminum  compounds  the  following  is  some- 
times used : 

Solution  of  Aluminum  Acetate. — This  preparation  is  recog- 
nized in  the  German  Pharmacopoeia,  and  is  prepared  by  adding  360 
6m.  of  30  per  cent,  acetic  acid  to  a  solution  of  300  Gm.  of  aluminum 
sulphate  in  800  Cc.  of  water,  and  afterward  introducing,  in  small 
portions  at  a  time  and  with  constant  stirring,  a  mixture  of  130  Gm. 
of  calcium  carbonate  in  200  Cc.  of  water.  The  whole  operation 
must  be  conducted  in  a  cool  place,  and  the  mixture  set  aside  for 
twenty-four  hours,  being  stirred  occasionally,  when  the  clear  liquid 
may  be  removed  with  the  aid  of  a  siphon.  The  solution  contains 
about  7.5  or  8  per  cent,  of  basic  aluminum  acetate  of  the  composition 
Al2(OH)2(C2H302)4.  The  reaction  taking  place  in  the  foregoing 
process  may  be  illustrated  thus :  (A  13(804)3  +  IBHjO)  +  4HC,H30a 
+  aCaCOj  =  A\lOH)lC^f>^^  +  3CaSO,  +  300^  +  ITHp. 

THE  COMPOUNDS  OF  CERIUM. 

Oerixun  Oxalate. — The  official  cerium  oxalate  is  defined  to  be  a 
mixture  of  the  oxalates  of  cerium,  didymium  and  lanthanum,  together 
with  oxalates  of  other  rare  earths  of  this  group,  and  hence  no  chemi- 
cal formula  is  given  for  the  salt.     The  impurities  are  of  course  pres- 
ent in  very  small  proportions  and  in  no  way  affect  the  therapeutic 
value  of  the  compound.     The  process  for  obtaining  cerium  oxalate 
from  the  mineral  cerite,  its  chief  source,  is  somewhat  complicated. 
The  powdered  mineral  is  digested  with  sulphuric  acid,  the  mass  dried 
and  treated  with  diluted  nitric  acid  and  hydrogen  sulphide,  to  remove 
copper  and  other  metals.     The  cerite  metals  are  next  precipitated 
by  means  of  oxalic  acid  and  the  mixed  oxalates,  after  the  addition, 
of  magnesium  carbonate,  are  calcined  and  the  residue  dissolved  in  a 
small  quantity  of  concentrated  nitric  acid.     The  solution  is  poured 
into   a  large  quantity  of  water  containing  about  0.5  per  cent,  of 
35 
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salpharic  acid,  whereby  the  cerium  is  precipitated  as  yellow  cetic 
sulphate,  while  lanthanum  and  didymium,  together  with  the  m^ 
Desium,  remain  in  solution.  The  eerie  sulphate  is  dissolved  in  sol- 
phuric  acid  and  reduced  to  cerous  sulphate,  by  means  of  sodiniD 
thiosulphate,  after  which  it  is  precipitated,  as  cerous  oxalate,  with 
oxalic  acid  and  dried.  Cerium  oxalate  may  also  be  readily  obtained 
by  interaction  between  a  soluble  cerium  salt  (nitrate)  ana  a  solqble 
oxalate. 

Cerium  oxalate,  as  a  rule,  occurs  as  a  white,  granular  powder, 
but  sometimes  has  a  pink  color,  due  to  the  presence  of  laijer]»R>- 
portions  of  didymium.  When  heated  to  redness  it  is  decompceed, 
leaving  about  47  per  cent,  of  a  reddish-brown  residue,  consistiniof 
eerie  and  other  rare  earth  oxides.  When  pure,  it  has  the  fonnuk 
Ce2(Cj0^j  +  lOHjO,  as  shown  by  Power  and  SheddoD. 

Among  the  non-official  salts  of  cerium,  the  nitrate,  Ce(KOs)j-^ 
6H2O,  has  been  used  to  some  extent.  It  may  conveniently  be  nude 
by  decomposing  cerous  sulphate  with  barium  nitrate,  and  poasesso 
the  advantage  of  being  freely  soluble  in  water  and  alcohol. 


CHAPTER    XLVIIL 

THE  CJOMPOUNDS  OF  IRON. 

There  is  no  clads  of  inorganic  compounds^  excepting  the  official 
preparations  of  the  alkalies,  more  extensively  employed  in  medicine 
than  those  of  iron ;  they  must  therefore  be  considered  as  among  the 
most  important  in  the  study  of  pharmacy.  The  Pharmacopoeia 
recognizes,  besides  iron  in  the  metallic  form,  no  less  than  30  differ- 
ent preparations  of  the  same,  of  which  9  are  liquid.     Chemists  have 


?^roupea  all  compounds  of  iron  into  two  classes,  designated  as 
errous  and  ferric  compounds,  respectively,  which  differ  from  each 
other  in  striking  physical  and  chemical  properties ;  this  distinction 
has  also  been  maintained  in  the  official  titles  of  the  iron  salts  and 
their  solutions.  Ferrous  compounds,  in  which  iron  is  bivalent,  are, 
when  not  anhydrous,  of  a  green  color,  with  one  exception,  the 
vellow  oxalate,  and  form  a  blue  precipitate  of  ferrous  ferricyanide, 
Fes(Fe(CN)j)2,  known  as  Turnbull's  Blue,  with  solution  of  potassium 
ferricyanide ;  ferric  compounds,  in  which  iron  is  trivalent,  on  the 

other  hand,  are  characterized  by  a  reddish-  or  yellowish-brown  color 

-and  form  a  blue  precipitate  of  ferric  ferrocyanide,  Fe4(Fe(CN)j)j, 
known    as    Prussian    Blue,    with    solution   of   potassium    fem>- 

-cyanide. 

The  following  is  a  list  of  the  official  preparations  of  iron,  divided, 

/or  coDVcsnience,  into  three  classes : 

OffloUd  Bngllah  Name.  Offldal  Latin  Nama. 

MetaUie  Iron, 

Iron,  Femim. 

Kedooed  Iron,  Fermm  Beductam. 

Farrow  Cbmpounds. 

Ferrous  Sulphate,  Ferri  Sulphas. 

!Ezsiccated  Ferrous  Sulphate,  Ferri  Sulphas  Exsiccatus. 

Granulated  Ferrous  Sulphate,  Ferri  Sulphas  Granulatus. 

Mass  of  Ferrous  Carbonate,  Massa  Ferri  Carbonatis. 

Saocharated  Ferrous  Carbonate,  Ferri  Carbonas  Saccharatus. 

Rlls  of  Ferrous  Carbonate,  Piluke  Ferri  Carbonatis. 

Pills  of  Ferrous  Iodide.  Pilulae  Ferri  lodidi. 

Syrup  of  Ferrous  lodiae,  Syrupus  Ferri  lodidi.  ^ 

Compound  Iron  Mixture,  Mistura  Ferri  Composita. 

Ferric  Oompdknds. 

Ferric  Ammonium  Sulphate,  Ferri  et  Ammonii  Sulphas. 

Ferric  Chloride,  Ferri  Chloridum. 

Ferric  Citrate,  Ferri  Citras. 
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Official  English  Name. 

Ferric  Compounds, 

Ferric  Hydroxjci^, 

Ferric  Hydroxide  with  Magnesium 

Oxide, 
Ferric  Hypophoephite, 
Iron  and  Ammonium  Citrate, 
Iron  and  Ammonium  Tartrate, 
Iron  and  Potassium  Tartrate, 
Iron  and  Quinine  Citrate, 
Soluble  Iron  and  Quinine  Citrate, 
Iron  and  Strychnine  Citrate, 
Soluble  Ferric  Phosphate, 
Soluble  Ferric  P^rosphosphate, 
Solution  of  Feme  Chloride, 
Solution  of  Ferric  Subsulphate, 
Solution  of  Ferric  Sulpliate, 
Solution  of  Iron  and  Ammonium 

Acetate, 
Tincture  of  Ferric  Chloride, 
Bitter  Wine  of  Iron, 
Wine  of  Iron, 


Official  Latin  Name. 
-(Continued.) 

Ferri  Hydroxidum. 

Ferri  Hydroxidum  cum  Migneaii  Ox* 

ido. 
Ferri  Hypophos^his. 
Ferri  et  Ammonii  Citras. 
Ferri  et  Ammonii  Tartra& 
Ferri  et  Potassii  Tartra& 
Ferri  et  Quiniiue  Gtrafi. 
Ferri  et  Quinins  Citras  Solnbilii 
Ferri  et  Strychnins  Giras. 
Ferri  Phoepfaas  SolubiIi& 
Ferri  Pyrophosphas  Solubilia 
Liquor  Ferri  Chloridi. 
Liquor  Ferri  Subsulphatis. 
Liquor  Ferri  Tersulphatis. 
Liquor  Ferri  et  Ammonii  Acetatk 

Tinctura  Ferri  ChloridL 
Vinum  Ferri  Amarum. 
Vinum  FerrL 


Iron.  Fe. — The  kind  of  metallic  iron  recognized  in  the  Pbar- 
macopoeia  is  that  occurring  in  the  form  of  soft,  bright  wire.  It 
should  h%  free  from  rust^  and  the  commercial  article,  as  it  basDsualV 
been  coated  with  grease  or  paraffin  oil  to  protect  it  from  inoistare, 
must  be  thoroughly  cleaned  before  it  is  used  for  pharmaoeaUcil 
purposes.  The  kind  of  iron  wire  known  in  the  trade  as  card-teeth, 
obtained  as  clippings  and  waste  from  the  manufacturers  of  cottoQ 
cards,  is  usually  preferred  on  account  of  its  convenient  form  and 
general  good  quality ;  sometimes,  however,  card-teeth  of  a  very 
inferior  grade  are  sold,  and  require  careful  garbling  and  subsequeDi 
washing  to  remove  grease  and  dirt. 

Reduced  Iron. — ^This  preparation  represents  more  or  less  por^ 
metallic  iron  in  a  state  of  fine  division,  obtained  by  reduction  of 
ferric  oxide  with  hydrogen  gas.  Ferric  hydroxide  is  first  dried, 
whereby  it  is  changed  to  oxyhydrate,  and  then  placed  in  hd  m»a 
reduction  tube  so  arranged  that  the  same  can  be  heated  to  dull 
redness,  while  a  current  of  hydrogen  gas,  previously  washed  a»«i 
dried  by  being  passed  through  a  moderately  strong  solution  of  potas- 
sium permanganate  and  afterward  sulphuric  acid,  is  coDi^tantlv 
passed  through  it.  The  reducing  action  of  hydrc^n  on  ftrn- 
oxide  may  be  illustrated  by  the  following  equation  :  FcjOj-f  H^  ' 
Fcj  +  SHjO.  The  supply  of  hydrogen  is  kept  up  as  long  fc 
any  oxygen  is  left,  as  shown  by  the  escape  of  aqueous  vap)r  fp  ^ 
the  tube.  When  reduction  is  complete,  the  tube  and  contents  sff 
allowed  to  cool  slowly,  while  a  slow  stream  of  hydrogen  is  oontinoe: 
until  the  temperature  has  been  reduced  to  that  of  the  air;  thb  - 
necessary,  otherwise  the  hot,  finely  divided  iron  will  be  le^') 
reoxidized  by  the  air,  as  in  that  condition  its  avidity  for  oxygea  - 
very  marked. 
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The  quantity  of  reduced  iron  depends,  of  course,  upon  the  purity 
of  the  ferric  hydroxide  and  the  temperature  employed.  When  ferric 
oxide  is  heated  to  280°  or  300°'  C.  (536^-572°  F.)  in  a  stream  of 
hydrogen,  it  is  converted  into  ferroso-ferric  oxide,  Fe^O^,  SFefi^  + 
H,  =  2Fes04  or  2(FeO  +  Fe^O,)  +  HjO,  but  metallic  reduction 
does  not  occur  until  a  temperature  of  400°  C.  (752°  F.)  and  over  is 
reached.  A  bright-red  heat,  however,  is  not  employed,  as  it  causes 
a  dense,  compact  product,  which  is  not  desirable ;  therefore  the  com- 
mercial article,  although  a  lighter  powder,  is  usually  contaminated 
with  imperfectly  reduced  oxide. 

Reduced  iron  should  be  free  from  lustre  and  of  a  grayish  color, 
and  when  treated  with  warm  diluted  sulphuric  or  hydrochloric  acid 
should  leave  not  more  than  1  per  cent,  of  insoluble  residue.  Its 
value  is  based  upon  the  proportion  of  metallic  iron  present;  the  U. 
S.  and  Grerman  Pharmacopoeias  both  demand  90  per  cent.,  while  the 
British  Pharmacopoeia  admits  reduced  iron  of  75  per  cent,  purity. 
Frequent  examinations  of  the  commercial  products  have  disclosed 
the  &ct  that  much  inferior  reduced  iron  is  dispensed  by  pharmacists, 
but  few  samples  coming  up  to  the  official  requirements. 

The  Pharmacopoeia  directs  that  the  valuation  of  reduced  iron 
shall  be  made  by  the  iodometric  method,  which  consists  in  adding 
an  accurately  weighed  quantity  of  iodine,  known  to  be  in  excess,  to 
a  given  weight  of  reduced  iron,  in  the  presence  of  potassium  iodide 
solution,  and  after  maceration  for  one  hour  titrating  the  excess  of 
iodine  with  sodium  thiosulphate  solution.     The  potassium  iodide  acts 
merely  as  a  solvent  for  the  iodine  in  the  aqueous  fluid,  and  thus 
brings  the  same  into  intimate  contact  with  the  iron.     Since  261 .8  6m. 
of  iodine  are  capable  of  combining  with  55.5  Gm.  of  pure  metallic 
iron,  as  shown  by  the  equation  Fe+ I,  =  FeIj,  0.01259  Gm.,  the 
amouDt  of  iodine   represented   by   1   Cc.   of  y^   sodium   thiosul- 
phate  solution  will  combine  with  0.002775  Gm.  of  iron,  which  is 
f'xactly  J  per  cent,  of  the  0.555  Gm.  taken  for  the  assay,  and  0.02518 
Gm.  of  iodine,  represented  by  2  Cc.  of  the  thiosulphat€  solution,  will 
combine  with  0.00555  or  1  per  cent,  of  pure  iron ;  hence  the  quo- 
tient obtained  by  dividing  2.6  by  0.02518  will  express  the  percent- 
al of  pure  iron  corresponding  to  the  2.6  Gm.  of  iodine  taken.     If 
all  the  iodine  taken  could  combine  with  the  0.555  Gm.  of  reduced 
iron  there  would  be  no  necessity  for  further  calculation,  but  as  an 
unknown  excess  of  iodine   has  been  intentionally  used,  the  exact 
amount  in  combination  must  be  determined.     Each  Cc.  of  the  sodium 
thiosulphate  solution,  as  stated  above,  corresponds  to  |  per  cent,  of 
pure  metallic  iron  in  the  0.555  Gm.  of  reduced  iron  used,  but  as 
only  i  of  the  excess  of  iodine  is  titrated  in  the  25  Cc.  solution,  the 
total  excess  is  equivalent  to  4  times  the  number  of  Cc.  of  the  sodium 
thiosulphate  solution  used,  and  hence  the  percentage  of  pure  metallic 
iron  corresponding  to  such  total  excess  of  iodine  must  be  represented 
bv  4  times  the  number  of  Cc.  of  the  thiosulphate  solution  required 
nanltiplied  by  J,  or,  in  other  words,  by  the  number  of  Cc.  multiplied 
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by  2.  If  this  product  be  subtracted  from  the  quotient  obtained  is 
stated  above  (2.6  h-  0.02518)  the  remainder  will  express  the  actual 
percentage  of  metallic  iron  in  the  sample. 

Ferrons  Sulphate.  FeSO^  +  THjO.— This  salt,  from  irhkk 
numerous  other  ferrous  as  well  as  ferric  compounds  are  made^  is 
obtained,  for  medicinal  purposes,  by  acting  on  clean  iron  wire^ath 
diluted  sulphuric  acid,  aiding  the  reaction  with  a  little  heat.  Tbp 
newly  formed  ferrous  sulphate  enters  into  solution  and  hydrogea 
gas  is  eliminated  ;  thus,  Fe^  +  2H^^  =  2FeSO,  +  H^.  the  salt 
is  prone  to  oxidation  if  a  strictly  neutral  solution  be  evaporated ; 
hence  a  little  free  sulphuric  acid  is  usually  left  in  the  liquid,  whicb 
is  then  concentrated  and  crystallized. 

The  official  ferrous  sulphate  contains  45.32  per  cent  of  wate) 
of  crystallization,  a  portion  of  which  is  lost  by  efflorescence  upon 
exposure  to  dry  air ;  when  exposed  to  moist  air  the  salt  undergoes 
oxidation,  indicated  by  the  formation  of  a  brownish-yellow  ba&ie 
ferric  sulphate.  The  crystals  should  therefore  be  preserved  in  veil- 
stoppered  bottles. 

The  commercial  crude  ferrous  sulphate,  known  as  "  copperas,"  i^ 
always  more  or  less  impure  and  not  suited  for  pharmaceutical  pur- 
poses. The  Pharmacopoeia  requires  almost  absolute  purity,  99.» 
per  cent.,  for  the  official  salt,  which  is  determined  volumetricaUv 
with  Y^  potassium  permanganate  solution.  Each  molecule  of  poia:^- 
sium  permanganate  is  capable  of  converting  5  molecules  of  fer- 
rous sulphate  into  ferric  sulphate;  thus  10(FeSO4+ 7HjO)  +  2K- 
MnO,  +  8H2SO4  =  5Fe,(SO,)3  +  K^SO,  +  2MuSO,  +  78H;0  ;  hence 
each  Cc.  y^  KMnO^  solution  corresponds  to  0.027601  Gm.  of  crys- 
tallized pure  ferrous  sulphate.  In  tne  official  test,  1.38  Gm.  of  unet- 
floresced  salt  being  used,  each  Cc.  of  the  permanganate  soluti<« 
required  to  produce  a  permanent  pink  color  will  represent  2  percent 
of  pure  FeSO,  +  7H3O,  for  2  per  cent,  of  1.38  is  0.0276;  hence 
49.75  Cc.  will  be  required  to  indicate  1.3731  or  99.5  per  cent,  of  I.0S. 

Exsiccated  Ferrons  Sulphate. — The  Pharmacopoeia  direds 
exsiccated  ferrous  sulphate  to  be  prepared  by  allowing  the  crj^aW 
lized  salt  to  effloresce  in  dry  air  at  a  temperature  of  about  40°  C 
(104*^  F.)  and  then  exposing  in  a  porcelain  dish  to  the  heat  of  a  Wil- 
ing water-bath,  with  constant  stirring,  until  reduced  to  64  or  65  \^ 
cent,  of  its  original  weight.  This  procedure  does  not  render  the 
salt  anhydrous,  for  even  at  115^  C.(239^  F.)  6.48  per  cent.of  wat*T 
still  remains,  which  requires  a  heat  of  nearly  300°  C.  (572^  F) i^'^ 
complete  expulsion ;  at  the  latter  temperature  the  ferrous  sulphatf 
is  likely  to  undergo  decomposition.  The  official  preparation  ha^ 
approximately  the  composition  2FeS04  +  SHjO. 

Dried  ferrous  sulphate  may  be  conveniently  employed  for  pi!^* 
masses  and  other  purposes,  in  place  of  the  crystallized  salt,  in  ^ 
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proportion  of  0.65  Gm.  for  1  Gm.  (or  6.5  grains  for  10  grains)  of 
the  latter. 

Orannlated  Ferrous  Sulphate.  FeSO^  +  THO,.— This  salt 
differs  from  official  ferrous  sulphate  in  being  in  the  form  of  a  ciys- 
talline  powder  instead  of  large  crystals^  containing,  however,  the 
same  amount  of  water.  It  is  of  a  much  paler  color  than  the  crystals, 
and,  owing  to  its  mode  of  preparation,  is  less  liable  to  oxidation. 
The  washing  of  the  crystalline  powder  with  alcohol  is  for  the  pur- 
pose of  removing  the  acid  and  uncombined  water  as  completely  as 
possible,  thus  facilitating  drying ;  a  more  effectual  plan  is  to  pour 
the  acid  solution,  when  cold,  into  one-half  its  volume  of  alcohol, 
whereby  the  salt  is  precipitated  and  can  then  be  drained  on  a  strainer 
and  washed  with  dilutea  alcohol  until  free  from  acid.  Rapid  dry* 
ing  in  direct  sunlight  is  advantageous,  as  it  prevents  oxidation. 

Granulated  ferrous  sulphate  presents  a  convenient  form  for  dis- 
pensing purposes. 

Mass  of  Ferrous  Carbonate. — This  preparation  has  been  con- 
sidered on  page  368,  which  see. 

Saeeharated  Ferrous  Oarbonate.— Although  but  little  used  at 
the  present  time,  this  preparation  is  still  recognized  in  the  Pharma- 
copoeia. It  closely  resembles  the  preceding  preparation  except  that 
it  occurs  in  powder-form,  and  is  directed  to  contain  a  minimum 
limit  of  ferrous  carbonate.  The  official  directions  are  to  pour  a  hot 
solution  of  50  Gm.  of  ferrous  sulphate  into  a  warm  solution  of  35 
Gm.  of  sodium  bicarbonate  contained  in  a  flask,  aiding  decomposi- 
tion by  rotating  the  vessel.  The  precipitate  is  repeatedly  washed 
with  hot  water  until  the  newly  formed  sodium  sulphate  has  been 
removed,  after  which  the  precipitate  is  drained,  mixed  with  80  Gm. 
of  sugar,  evaporated  to  dryness,  reduced  to  powder,  and  incorpo- 
rated with  sufficient  sugar  to  make  the  finished  product  weigh  100 
Gm.  The  reaction  occurring  between  the  ferrous  sulphate  and 
sodium  bicarbonate  may  be  seen  from  the  following  equation  :  (FeS04 
+  7H,0)  +  2NaHC03  =  FeCO,  +  Na^SO,  +  CO^  +  8H,0.  As  the 
powder  readily  oxidizes  if  exposed  to  air,  it  must  be  preserved  in 
tightly  stoppered  bottles. 

The  Pharmacopceia  requires  the  presence  of  at  least  15  per  cent. 
of  ferrous  carbonate,  determined  by  dissolving  1.15  Gm.  of  the 
powder  in  diluted  sulphuric  acid  and  titrating  with  potassium  per- 
manganate. Ferrous  sulphate  is  formed,  and  the  subsequent  reac- 
tion is  identical  with  that  already  explained  under  that  head.  Each 
Cc.  ^  KMn04  solution,  corresponding  to  0.027601  Gm.  of  crystal- 
lizea  ferrous  sulphate,  must  be  equivalent  to  0.011505  Gm.  of  ferrous 
carbonate,  for  1  molecule  or  276.01  Gm.  of  the  former  salt  yields 
1  molecule  or  115.05  Gm.  of  the  latter.  In  the  official  test  not  less 
than  15  Cc.  of  the  permanganate  solution  will  be  required  to  show 
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at  least  15  per  cent,  of  FeCO,,  for  each  Cc.  corresponds  to  0.0115 
Gm.  or  1  per  cent,  of  1.115  Gm.  taken. 

Compoiind  Iron  Blixtore. — This  preparation  has  heea  con- 
sidered on  page  338  (which  see).  When  freshly  made,  eadi  C<;. 
contains  about  0.0025  Gm.  of  ferrous  carbonate  (about  1.14  grains 
in  eacli  fluidounce). 

Syrup  of  Ferrons  Iodide. — ^This  preparation,  as  stated  on 
page  248,  is  a  saccharine  solution  of  ferrous  iodide  containing  5  per 
cent,  of  tiie  latter  compound.     The  first  step  in  its  manu&cture  is 
to  obtain  a  solution  of  ferrous  iodide  by  allowing  iodine  to  act  on  an 
excess  of  metallic  iron  in  the  form  of  wire.    The  two  elements  com- 
bine in  part,  with  the  development  of  heat,  forming  some  fenous 
iodide  which  enables  the  remaining  iodine  to  go  into  solution,  and 
gradually  all  iodine  is  taken  up  by  the  iron,  the  color  of  the  liquid 
changing  to  pale  green.     After  heating  the  liquid  to  the  boiling- 
point,  a  small  quantity  of  sugar  is  dissolved  therein  to  prevent  oxida- 
tion of  the  ferrous  iodide  solution  and  the  liquid  then  filtered,  the 
remaining  iron  wire  and  flask  being  rinsed  with  hot  water,  which  is 
also  passed  through  the  filter.     The  balance  of  the  sugar  is  then 
dissolved  in  the  filtrate  by  means  of  heat.     Syrup  of  ferrous  iodide, 
if  unprotected,  readily  becomes  oxidized  when  in  contact  witli  air,  as 
shown  by  the  formation  of  a  dark  color  on  the  surfiioe,  gradually 
spreading  downward,  and  as  this  can  be  prevented  by  the  presence 
of  reducing  agents,  the  Pharmacopoeia  directs  that  a  small  pi\>|)ortion 
of  diluted  hypophosphorous  acia  shall  be  added  before  the  final 
weight  of  finisned  syrup  is  made  up  by  addition  of  distilled  water, 
^hich  was  first  suggested  by  Judge  in  1865,  and  has  been  found 
superior  to  all  other  preservatives  proposed. 

The  valuation  of  syrup  of  ferrous  iodide  is  made  volumetric 
ally  by  means  of  j^  silver  nitrate  solution,  silver  iodide  being  pre- 
cipitated and  ferrous  nitrate  remaining  in  solution.  In  the  official 
test,  15.4  Cc.  of  a  diluted  syrup  of  ferrous  iodide,  representing  1.54 
Gm.  of  the  original  syrup,  are  diluted  with  water,  and  an  excess, 
6  Cc,  of  the  silver  solution  added  together  with  some  dilated 
nitric  acid,  and  ferric  ammonium  sulphate  test-solution  as  indicator. 
When  precipitation  has  ceased,  -^  potassium  sulphocyanate  solu- 
tion is  added  to  determine  the  excess  of  silver  solution  present.  X«^t 
more  than  1  Cc.  of  the  sulphocyanate  solution  should  be  required  to 
precipitate  the  remaining  silver  nitrate  as  white  silver  sulphocyanate, 
to  show  that  5  Cc.  of  the  silver  solution  have  been  required  for  pre- 
cipitation of  the  1.54  Gm.  of  svnip  of  ferrous  iodide.  The  equati«'D 
2AffN03  +  Felj  -=  2AgI  +  Fe(N03)2  shows  that  1  molecule  <»r 
307.3  Gm.  of  ferrous  ioclide  requires  2  molecules  or  337.38  Gm.  of 
silver  nitrate,  and  as  each  Cc.  of  the  jk  AgNO,  solution  contains 
0.01 6869  Gm.  of  silver  nitrate,  it  is  capable  of  precipitating  0,01 5365 
Gm.  of  ferrous  iodide,  and  consequently  corresponds  to  1  per  cent 
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of  the  1.54  Gm.  of  syrup  taken  for  the  test;  hence  5  Cc.  will  indi- 
cate 5  per  cent.  As  already  exp^^iiied  under  Strontium  Iodide,  the 
addition  of  nitric-acid  in  the  official  test  prevents  discoloration  of 
the  liquid  by  the  iron,  and  is  always  employed  when  silver  nitrate 
is  titrated  with  potassium  sulphocyanate  with  ferric  alum  as  an 
indicator. 

Ferric  Ammoniimi  Sulphate.    reSEj[SO^)^  +  12H,0.— This 

salt,  resembling  ordinary  alum  somewhat  in  chemical  constitution,  is 
obtained  by  dissolving  ammonium  sulphate  in  a  boiling  solution 
of  ferric  sulphate  and  setting  the  liquid  aside  to  crystallize.  If  a 
slight  addition  of  sulphuric  acid  be  made  to  the  solution  the  crystals 
obtained  will  be  more  perfect  in  form  and  color. 

The  crystals  are  liable  to  deterioration  on  exposure  to  air  and 
heat,  hence  they  should  be  preserved  in  tightly  stoppered  bottles  in 
a  cool  place;  when  recently  obtained  or  carefully  preserved,  they 
are  of  a  beautiful  pale-violet  or  hyacinthine  color,  but  their  solution 
in  water  is  of  a  brownish-yellow  color  gradually  changing  to  red,  and 
deposits  a  basic  salt. 

Ferric  ammonium  sulphate,  also  known  as  ferric  alum  or  ammo- 
nio-ferric  alum,  should  contain  in  the  uneffloresced  condition  99.6 
per  cent,  of  pure  ferric  ammonium  sulphate,  representing  not  less 
than  11.5  per  cent,  of  metallic  iron.     The  latter  is  determined  by 
the  iodometric  method,  involving  the  decomposition  of  potassium 
io<Iide  by  ferric  chloride  and  titration  of  the  liberated  iodine  by 
means  of  sodium  thiosulphate.     The  addition  of  hydrochloric  acid, 
S3  directed  by  the  Pharmacopoeia  in  the  official  test,  converts  the 
ferric  sulphate  into  ferric  chloride,  which  then  in  tuni  reacts  with 
the  potassium  iodide  added,  as  shown  by  the  following  equation : 
(FeNH,(SO,),  +  12H,0)  +  4HC1  =  FeCl,  +  NH.Cl  +  2HjSO,  + 
12H,0 ;  FeClj  +  KI  =  I  +  KCl  +  FeCl, ;  from  which  it  is  seen 
that  each  atom  or  125.9  Gm.  of  iodine  liberated  corresponds  to 
1    molecule  or  478.69  Gm.  of  crystallized  ferric  ammonium  sul- 
phate and  at  the  same  time  to  1  atom  or  55.5  Gm.  of  metallic 
iron.     Now,  since  each  Cc.  of  -A  sodium  thiosulphate  solution  repre- 
sents 0.01259  Gm.  of  iodine,  it  must  correspond  to  0.047869  Gm. 
of  official  ferric  ammonium  sulphate  or  0.00555  Gm.  of  metallic 
iron,  which  latter  figure  is  equal  to  1  per  cent,  of  the  0.555  Gm.  of 
crystallized  salt  taken  for  the  test,  and  hence  11.5  Cc.  will  be  required 
to   indicate  11.5  per  cent.     This  same  quantity  of  ^  sodium  thio- 
sulphate solution  will  also  indicate  the  purity  officially  demanded  for 
11.5  X  0.047869  =  0.5505,  and  99.5  per  cent,  of  0.555  is  0.5522. 

Ferric  Chloride. — The  pharmaoopoeial  directions  for  the  prepara- 
tion of  this  compound  are  to  evaporate  official  solution  of  ferric 
chloride  on  a  water-bath  to  40  per  cent,  of  its  weight  and  then  set 
aside  in  a  covered  vessel  so  as  to  form  a  crystalline  mass.  The 
resulting  product  will  contain  about  73  per  cent,  of  anhydrous  ferric 
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chloride  and  about  27  per  cent,  of  water,  and  corresponds  very  Dearly 
to  the  formula  FeClj  +  3HjO ;  but  since  ferric  chloride  will  com- 
bine with  different  proportions  of  water  under  varying  oondidons, 
the  Pharmacopoeia  gives  no  formula  for  the  compound.  Ferric 
chloride  occurs  in  orange-yellow  crystalline  lumps,  which  are  very 
deliquescent  in  moist  air  and  must  be  preserved  in  tightly  stoppered 
bottles  protected  from  light,  since,  upon  exposure  to  the  latter,  it  is 
gradually  reduced  to  ferrous  chloride. 

The  Pharmacopoeia  requires  that  ferric  chloride  shall  contain  at 
least  22  per  cent  of  metallic  iron  in  combination,  which  is  deter- 
mined voiumetrically  by  allowing  the  ferric  chloride  to  act  upon 
potassium  iodide  and  titrating  the  liberated  iodine  ^vith  sodium 
thiosulphate.  In  the  official  test  the  65.6  Cc.  of  solution  taken  will 
contain  0.666  Gm.  of  ferric  chloride.  As  shown  in  the  preceding 
article  each  molecule  of  ferric  chloride  will  liberate  1  atom  of  iodine, 
and  each  Cc.  of  the  sodium  thiosulphate  solution  corresponds  ta 
1  per  cent,  of  0.666  Gm.  of  metallic  iron ;  hence  22  Cc.  will  be 
required  to  indicate  22  per  cent. 


Oitrate. — This  compound,  belonging  to  the  class  of  scale 
salts  of  iron,  is  prepared  by  dissolving  freshly  prepared  and  well- 
washed  ferric  hvaroxide  in  water  with  the  aid  of  citric  acid,  coocen- 
trating'the  solution  on  a  water-bath  to  a  syrupy  consistence,  and 
spreading  on  plates  of  glass,  which  are  then  placed  in  warm  dust- 
proof  drying  closets  so  that  a  part  of  the  moisture  may  evaporate 
and  the  product  be  obtained  in  the  form  of  scales.  A  temperature 
exceeding  60°  C.  (140°  F.)  should  not  be  employed  for  scaling  the 
salt,  otherwise  the  latter  will  be  slowly  reduced  to  a  ferrous  com- 
pound. The  usual  yield  is  from  42  to  44  per  cent,  of  the  weight  of 
solution  evaporated,  and  failure  to  obtain  perfect  scales  may  be  due 
to  insufficient  concentration  of  the  liquid  before  spreading  it  on 
glass  or  to  too  high  a  temperature  in  drying. 

Although  all  scale  salts  of  iron  contain  water  of  hydration,  the 
amount  prefeent  varies,  not  only  for  different  salts,  but  also  for  dif- 
ferent lots  of  the  same  salt,  and  is  dependent  upon  the  temperatare 
employed  in  scaling,  subsequent  exposure,  etc. ;  no  definite  formula 
expressing  the  composition   of  the  scale  salts  of  iron,  therefore, 
can   be  given.     Carefully  prepared  ferric  citrate  was  found  by 
F.  B.  Power  to   contain  31.9   per  cent,   of  water,  which  would 
correspond  very  nearly  to  the  formula  FeC^HjOy  +  6HjO,  while 
some  commercial  samples  contained  but  8.4  and  15.2  per  cent     In 
estimating  the  water  of  hydration,  a  temperature  of  100°  C.  (212°  F.) 
should  not  be  exceeded,  as,  beyond  this  temperature,  deconipodtit>n 
of  the  salt  is  likely  to  occur. 

Ferric  citrate  is  slowly  but  completely  soluble  in  cold  water,  and 
for  purposes  of  solution  the  so-callea  soluble  citrate  of  iron  (see  Irtni 
and  Ammonium  Citrate)  is  therefore  preferable,  but  the  plain  ferric 
citrate  should  always  be  used  for  pill-masses  and  similar  purposes. 
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The  Pharmacopoeia  directs  that  the  iron  present  in  the  various 
scale  salts  of  iron  shall  be  determined  by  the  lodometric  method^  as 
explained  in  the  case  of  ferric  ammonium  sulphate,  the  respective 
iron  salts  being  first  converted  into  ferric  chloride  by  digestion  with, 
hydrochloric  acid.  In  the  case  of  ferric  citrate  the  equivalent  of  1& 
per  cent,  of  metallic  iron  is  demanded. 

Ferric  Hydroxide.  Fe(OH).. — The  official  directions  for  making 
this  compound  are  to  pour  10  volumes  of  solution  of  ferric  sulphate 
into  13.8  volumes  of  10  per  cent,  ammonia  water,  both  liquids  having 
been  previously  largely  diluted  with  water.  The  process  should  not 
be  reversed,  otherwise  basic  ferric  sulphate  may  be  formed.  Large 
dilution  with  water  and  a  cool  temperature  are  essential  to  insure 
the  precipitation  of  a  fully  hydrated  oxide,  as  indicated  by  the  above 
formula.  Ammonia  water  is  purposely  used  in  excess,  so  as  to> 
insure  complete  decomposition  of  the  ferric  sulphate ;  the  reactioDf 
occurring   is   as    follows:    Fe,(SO08  +  6NH,OH  =  2Fe(OH)3  + 

The  bulky  precipitate  subsides  very  slowly,  and  must  be  repeatedly 
washed  with  cold  water  until  the  reaction  for  the  presence  of  sul- 
phates ceases  and  the  odor  of  ammonia  has  disappeared.  It  is  finally 
drained  on  a  well-wetted  strainer  and  mixea  with  sufficient  cold 
water  to  make  the  weight  of  the  finished  product  3000  Gm.  for 
every  liter  of  solution  of  ferric  sulphate  used.  In  this  condition 
the  ferric  hydroxide  keeps  fairly  well  for  a  time,  if  heat  and  light  be 
excluded;  but  it  gradually  undergoes  change,  being  converted  inta 
the  compound  Fe202(OH)2,  of  a  more  decided  reddish  tint,  and  is 
then  no  longer  suitable  as  an  antidote,  having  lost  its  power  to  com- 
bine with  weak  acids. 

Ferric  hydroxide,  freshly  precipitated,  is  used  in  the  preparation 
of  certain  official  iron  scale  salts. 

Ferric  Hydroxide  with  Uagnesinm  (hdde. — This  preparation 
is  to  be  much  preferred  to  the  preceding  as  an  antidote  in  cases  of 
poisoning  by  arsenic,  as  it  can  be  made  available  at  very  short  notice,. 
not  requiring  tedious  manipulation.  It  consists  of  a  mixture  of 
ferric  and  magnesium  hydroxides  suspended  in  a  dilute  solution  of 
ma^esium  sulphate,  and  is  made  by  aading  a  dilute  solution  of  ferric 
sulphate  to  a  ailute  mixture  of  calcined  magnesia  and  water ;  the 
mixture  is  well  shaken  and  is  then  ready  for  use. 

The  Pharmacopoeia,  with  the  view  of  economizing  time  in  cases 
of  emergency,  recommends  that  the  dilute  solution  of  ferric  sulphate 
and  the  mixture  of  magnesia  and  water  be  always  kept  on  hand, 
ready  for  immediate  use.  The  former  consists  of  40  Cc.  of  the  official 
solution  of  ferric  sulphate  and  126  Cc.  of  water;  the  latter,  of  10 
Gm.  of  calcined  magnesia  added  to  750  Cc.  of  water. 

Feirric  Hypophosphite.    Te(lP'Bifl^)y — This  salt  can  be  con-^ 
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veniently  prepared  by  a  method  proposed  by  F.  X,  Moerk^  whicfa 
consists  in  placing  30  6m.  of  calcium  bypophoshite  in  a  flask  with 
100  Cc.  of  distilled  water,  and  adding  gradually  64.52  Gkn.  of  the 
official  ferric  chloride  solution,  shaking  well  after  each  addition. 
Tbe  mixture  is  allowed  to  stand  for  three  days,  with  frequent  agita- 
tion, then  filtered  and  washed  until  all  calcium  has  been  removed. 
The  yield  by  this  method  is  large  and  the  product  fully  up  to  the 
official  requirements. 

It  was  at  one  time  suggested  that  ferric  hypophosphite  could  be 
made  by  mixing  solutions  of  calcium  hypophosphite  and  ferrous 
sulphate,  removing  the  precipitated  calcium  sulphate  by  filtration, 
ana  evaporating  the  solution  of  ferrous  hypophosphite  to  dryness.  It 
was  supposed  that  the  ferrous  salt  was,  by  oxidation  during  the 
evaporation,  converted  into  ferric  hypophosphite ;  but  instead  of  the 
normal  salt  a  basic  hypophosphite,  ¥efy(rHfy^^^  is  obtained,  for 
want  of  a  sufficiency  of  acid,  as  is  similarly  the  case  with  the  official 
solution  of  ferric  subsulphate.  Double  aecomposition  of  solutions 
of  ferric  sulphate  or  chloride  and  sodium  hypophosphite  is  also  im- 
practicable, as  the  freshly  precipitated  ferric  nypopboephite  has  been 
lound  somewhat  soluble  in  water ;  thus  loss  would  be  entailed  dar- 
ing the  necessary  washing  of  the  precipitate. 

Ferric  hypophosphite  dissolves  readily  in  a  warm,  strong  solution 
of  an  alkali  citrate,  and,  in  this  form,  is  used  in  the  preparation  of 
certain  syrups. 

The  Pharmacopoeia  requires  the  official  salt  to  contain  98  per 
cent,  of  absolute  F e(PH202)3,  which  must  be  determined  gravinoet- 
rically  by  a  somewhat  tedious  process,  since  volumetric  determina- 
tion by  means  of  potassium  permanganate  has  been  found  unreliable, 
as  already  explained  under  Potassium  Hypophosphite. 

Ferric  Phosphate,  Soluble. — The  official  phosphate  of  iron, 
which  occurs  in  scale  form  and  is  soluble  in  water,  must  not  be  con- 
founded with  the  insoluble  .commercial  article  of  a  similar  name. 
The  latter  is  a  slate-colored  powder  of  variable  composition,  oonsist- 
ing  of  a  mixture  of  insoluble  ferrous  and  ferric  phosphates^  obtained 
by  precipitation  of  a  solution  of  ferrous  sulphate  by  means  of  sodium 
phosphate  and  drying  the  resulting  product 

Soluble  ferric  phosphate  may  be  made  by  adding  11  parts  of 
crystallized  sodium  phosphate  to  a  solution  of  10  parts  of  ferric 
citrate  in  twice  its  weight  of  water,  evaporating  the  resulting  green- 
colored  solution,  at  a  temperature  not  exceeding  60°  C.  (140^  F.), 
to  a  syrupy  consistence  and  spreading  the  same  on  glass  plates,  as  in 
the  case  of  ferric  citrate.  It  is  important  that  uneffloresced  sodium 
phosphate  be  used  to  avoid  an  excess  of  this  salt,  which  would 
cause  the  scales  to  become  opaque  and  white  on  standing.  The 
salt  should  be  preserved  in  tightly  corked  bottles,  in  a  dark  place. 
otherwise  its  color  will  gradually  darken  and  its  solubility  be 
impaired. 
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The  exact  oomposition  of  this  salt  cannot  be  stated,  as  it  may  be 
a  mixture  of  ferric  phosphate  and  sodium  citrate,  or  possibly  a  mixt- 
ure of  four  salts,  ferric  and  sodium  phosphates  and  ferric  and  sodium 
citrates,  incomplete  decomposition  havmg  taken  place;  hence  the 
name  sodio-citrophosphate  of  iron  is  frequently  applied  to  the  prepa- 
ration. 

The  Pharmacopoeia  requires  that  soluble  ferric  phosphate  shall 
contain  iron  in  combination  corresponding  to  12  per  cent,  of  that 
metal,  which  is  determined  as  in  the  ease  of  Ferric  Citrate. 

Ferric  Pyrophospliate,  Soluble. — This  preparation  closely  re- 
sembles the  preceding  compound,  and  may  be  made  in  a  similar  man- 
ner, except  that  sodium  pyrophosphate  is  used  in  place  of  the  phos- 
phate, and  that  the  sodium  and  iron  salts  are  used  in  equal  propor- 
tions. Formerly  thispreparation  was  made  by  precipitating  a  white 
ferric  pyrophosphate,  YejJ^fi^^y  from  a  solution  of  ferric  sulphate  by 
means  of  sodium  pyrophosphate,  dissolving  this  precipitate  in  solu- 
tion of  sodium  or  ammonium  citrate  and  concentrating  and  scaling 
the  solution  so  obtained. 

The  composition  of  soluble  ferric  pyrophosphate  is  as  uncertain 
as  that  of  the  preceding  scale  salt,  hence  no  definite  formula  as  to 
its  constitution  can  be  given.  Like  the  soluble  ferric  phosphate,  it 
must  be  carefully  protected  against  exposure  to  air  ana  light.  The 
two  preparations  are  both  of  a  green  color  (the  phosphate  bright 
green,  the  pyrophosphate  apple  green),  but  may  readily  be  distin- 
guished from  each  other  by  boiling  some  of  the  salt  with  sodium 
hydroxide  solution,  filtering,  acidulating  the  filtrate  with  hydro- 
chloric acid,  and  adding  some  magnesia  test  mixture  (see  U.  S.*  Phar- 
macopoeia) and  a  slight  excess  of  ammonia  water  ;  in  the  case  of  the 
phosphate  a  white  crystalline  precipitate  of  ammonium  magnesium 
phosphate,  NH4MgP04,  will  o<^cur,  while  the  solution  of  the  pyro- 
phosphate will  not  be  disturbed  at  all. 

Although  ferric  pyrophosphate  in  scales  is  known  in  commerce 
simply  as  pyrophosphate  of  iron,  it  is  always  best  to  designate  it  as 
soluble  pyrophosphate  of  iron,  because  the  true  ferric  pyrophosphate 
also  occurs  on  the  market  (although  rarely)  in  the  form  of  a  white 
insoluble  powder. 

The  amount  of  iron  present  in  this  preparation  is  required  by 
the  Pharmacopoeia  to  be  equivalent  to  10  per  cent,  of  metallic  iron. 
The  method  of  determination  is  identical  with  that  designated  for 
the  other  scale  salts  of  iron. 

Iron  and  Ammonium  Oitrate. — This  preparation  resembles  the 
official  ferric  citrate  in  appearance,  but  is  more  readily  soluble  than 
it  in  cold  water.  It  is  obtained  by  mixing  100  Cc.  of  a  50  per 
cent-  solution  of  ferric  citrate  with  40  Cc.  of  10  per  cent,  ammonia 
water,  concentrating  and  scaling  the  solution  exactly  as  in  the  case 
of  ferric  citrate.     The  resulting  product  must  of  necessity  be  of 
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varurble  composition,  both  as  regards  the  amount  of  water  of  hjAra- 
tion  and  also  the  relative  proportions  of  ferric  and  ammoDium 
citrates  present. 

The  official  title,  iron  and  ammonium  citrate,  would  indicate  a 
true  double  salt,  which,  when  anhydrous,  should  be  of  uniform  com- 
position ;  such  is  not  the  case,  however,  and,  as  the  Pharmaoopoeia 
requires  the  compound  to  contain  exactly  the  same  relative  amooot 
of  iron,  16  per  cent.,  as  the  plain  ferric  citrate,  there  cannot  be  much 
ammonium  citrate  present.  The  name  soluble  ferric  citrate  apoears 
more  appropriate,  and  serves  to  distinguish  it  from  the  less  somUe 
article.  Inasmuch  as  ferric  citrate  is  very  rarely  used  in  aDj  other 
form  than  that  of  solution,  it  seems  superfluous  to  have  two  prmn- 
tions  so  nearly  identical  and  differing  from  each  other  chiefly  in 
degree  of  solubility. 

Iron  and  ammonium  citrate  is  more  hygroscopic  than  ferric 
citrate,  and  upon  exposure  to  air  rapidly  loses  ammonia  and 
becomes  less  soluble,  hence  it  must  be  preserved  in  tightly  stop- 
pered bottles ;  light  also  has  a  deleterious  effect  upon  it.  K  at  any 
time  the  scale  salt  has  suffered  by  age  or  careless  exposure,  ready 
solution  can  usually  be  effected  by  the  cautious  addition  of  a  drop  or 
two  of  ammonia  water  to  the  residue. 

Iron  and  Ammonium  Tartrate. — In  the  manu&cture  of  this 
«cale  salt  the  first  step  is  the  preparation  of  ferric  hydroxide  fmm 
solution  of  ferric  sulphate,  which  nas  been  explained  on  pi^  555 ; 
the  next  step  is  to  make  a  solution  of  acid  ammonium  tartrate  by 
neutralizing  a  solution  of  tartaric  acid  exactly  with  ammonia  water 
and  adding  to  this  another  like  weight  of  tartaric  acid.  The  well- 
washed  ferric  hydroxide  is  then  added  in  successive  portions  to  the 
solution  of  acid  ammonium  tartrate  and  dissolv^ed  witii  the  aid  of  a 
moderate  heat,  after  which  the  solution  is  treated  as  in  the  case  of  the 
•other  scale  salts  of  iron. 

The  reaction  occurring  may  be  illustrated  bv  the  following  equa- 
tion :  Fe(OH)3  +  NH,HC,H,  O.  =  NH,(FeO)C4H A  +  2H,0,  in 
which  the  group  FeO,  to  which  the  name  ferryl  has  been  given, 
acts  as  a  univalent  radical,  like  antimonyl.  The  scale  compooiKi 
when  carefully  deprived  of  all  water  probably  has  the  composition 
expressed  by  the  formula  NH/FeO)C,HP,  or  (CHOH),CXX)NHr 
COO(FeO). 

Iron  and  ammonium  tartrate  is  a  deliquescent  compound,  req1U^ 
ing  the  careful  exclusion  of  air  and  light.  Like  iron  and  ammo- 
nium citrate,  it  is  prone  by  age  and  exposure  to  become  acid  in 
character,  and  will  then  need  the  careful  addition  of  a  Httie  ammo- 
nia water  to  restore  neutrality  and  effect  solution.  The  Pharma- 
copoeia requires  it  to  contain  an  amount  of  iron  and  ammonlQin 
tartrate  corresponding  to  not  less  than  13  per  cent,  of  metallic 
iron. 


THE  COMPOUNDS  OF  IRON.  659 

Iron  and  Potassiaxii  Tartrate.— This  compomd  may  be  made 
by  a  process  similar  to  that  given  for  the  preceding  scale  £tfdt;  except 
that  acid  potassium  tartrate  is  used  in  place  of  acid  ammonium  tar- 
trate. The  hot  solution  of  iron  and  potassium  tartrate  is  not  at  once 
concentrated  and  spread  on  glass^  but  filtered  and  set  aside  for 
twenty-four  hours  to  cool ;  during  this  time  a  precipitate  separates 
and  the  liquid  becomes  acid.  upon  carefully  neutralizing  with 
ammonia  water  a  perfect  solution  is  again  produced,  which  is  then 
concentrated  and  scaled. 

Iron  and  potassium  tartrate  is  recognized  in  the  British  Pharma- 
copoeia under  the  name  Ferrum  Tartaratum,  and  is  so  prescribed  in 
Great  Britain.  It  occasionally  happens  that,  as  in  the  case  of  the 
preceding  salt,  it  has  become  acid  and  difficultly  soluble,  probably 
owing  to  careless  preservation;  in  such  a  case  a  few  drops  oi 
ammonia  water  carefully  added  to  the  residue  will  restore  perfect 
solubility. 

The  theoretical  composition  of  the  salt  when  anhydrous  is  K(reO) 
C,H,Oe  or  (CHOH),COOKCOO(FeO),  based  upon  the  equation 
Fe(0H)3  +  KHC.HA  =  K(FeO)C,HA  +  2H,0.  Like  all 
the  other  scale  salts  of  iron,  it  contains  variable  proportions  of 
water.  The  Pharmacopoeia  requires  the  presence  oi  an  amount  of 
iron  in  combination  corresponding  to  15  per  cent,  of  metallic  iron. 

Iron  and  Qninine  Oitrate. — The  official  scale  compound  of 
this  name  is  unfamiliar  to  many  pharmacists  who  have  been  in  the 
habit  of  handling  only  the  so-called  soluble  variety.  It  is  prepared 
by  dissolving  12  Gm.  of  dry  quinine  (pure  alkaloid)  in  a  strong  solu- 
tion of  85  Gm.  of  ferric  citrate,  with  the  aid  of  3  Gm.  of  citric  acid, 
concentrating  the  solution  on  a  water-bath  to  a  syrupy  consistence, 
and  finally  scaling  the  same  on  plates  of  glass.  The  yield  is  intended 
to  be  100  Gm. 

The  official  iron  and  quinine  citrate  is  intended  chiefly  to  be  used 
in  the  form  of  pills,  tablets,  etc.,  but  not  in  solution  ;  for,  although 
it  is  completely  soluble  in  water,  it  dissolves  very  slowly.  It  is  of  a 
reddish-brown  color,  somewhat  resembling  ferric  citrate  in  appear- 
ance, and  deliquesces  slowly  in  damp  air. 

The  Pharmacopoeia  demands  that  the  scale  salt  shall  contain  not 
less  than  11.5  per  cent,  of  dried  quinine  and  an  amount  of  iron  cor- 
responding to  13.5  per  cent,  of  that  metal.  Both  can  be  determined 
in  one  sample,  the  quinine  gravi metrically  and  the  iron  by  the  iodo- 
metric  method,  and  thus  much  time  ana  labor  saved.  The  official 
estimation  of  the  quinine  is  easily  accomplished ;  the  addition  of 
ammonia  water  to  a  solution  of  the  salt  precipitates  the  quinine  as 
alkaloid,  which,  dissolving  readily  in  the  chloroform,  can  be  with- 
drawn and  the  treatment  with  chloroform  repeated  twice,  so  as  to 
insure  the  complete  removal  of  the  alkaloid.  A  globular  separator 
(see  Fig.  142,  page  158)  is  better  adapted  for  the  operation  than 
one  of  cylindrical  shape,  as  by  simple  rotation  the  two  liquids  are 
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brought  into  sufficiently  intimate  oontact  for  abstraction  of  the  alka- 
loid by  the  chloroform,  and  separation  takes  place  rapidly ;  if  shaking 
must  be  resorted  to,  it  frequently  happens  that  an  emulsion  result 
which  requires  considerable  time  for  separation.  Owing  to  the  low 
boiling-point  of  chloroform  (60°  C.  (140°  F.)  ),  the  liquid  should 
be  evaporated  with  moderate  heat  only,  so  as  to  avoid  loss  by 
spurting,  the  residue  being  afterward  dried  at  100°  C.  (212®  F.)  to 
constant  weight. 

The  residuary  aqueous  liquid  retains  all  the  ferric  citrate,  and,  if 
26  Cc.  of  the  same  be  used,  after  removal  of  all  the  chloroform  and 
ammonia  and  dilution  to  50  Cc,  this  will  represent  exactly  one-half 
of  the  scale  salt  originally  used,  and  therefore  13.5  Cc.  of  ^is  sodiam 
thiosulphate  solution  will  be  necessary  to  indicate  13.5  per  cent  of 
metallic  iron,  1.11  Gm.  having  been  used  in  the  test.  One-half  of 
1.11  is  0.655,  and  13.5  per  cent,  of  0.555  is  0.074925;  hence,  as 
each  Cc.  of  the  thiosulphate  solution  represents  0.00656  Gm.  of 
metallic  iron,  1 3.5  Cc.  will  correspond  to  0.074925  Gm.,  for  0.074925 
-i-  0.00555  =  13.5. 

Soluble  Iron  and  Quinine  Oitrate. — As  stated  before,  this  is  the 
salt  generally  dispensed  by  pharmacists,  and  is,  in  fact,  the  article 
usually  sold  by  the  jobber  when  citrate  of  iron  and  quinine  is 
ordered.  The  Pharmacopoeia  has  added  the  adjective  "soluble "to 
the  title  of  this  salt,  to  distinguish  it  from  the  less  soluble  reddish- 
brown  variety ;  when  the  latter  is  wanted,  pharmacists  should  always 
specify  it  by  adding  the  letters  U.  S.  P.  to  the  name. 

Soluble  iron  and  quinine  citrate  differs  in  composition  from  the 
preceding  salt  only  in  containing  ammonia,  which  is  combined  ^th 
citric  acid,  whereby  the  solubility  of  the  compound  is  greatly 
increased,  as  in  the  case  of  iron  and  ammonium  citrate.  The 
ammonia  water  is  added  to  the  solution  of  iron  and  quinine  citrate 
first  prepared  as  long  as  the  precipitate  formed  is  reaissolved ;  an 
excess  of  ammonia  must  be  carefully  avoided.  The  solution  acquires 
a  greenish-yellow  color  and  yields  greenish,  golden-yellow  scales, 
which  readily  absorb  moisture  upon  exposure  to  the  air  and  are 
rapidly  soluble  in  cold  water. 

The  estimation  of  the  iron  and  quinine  is  made  exactly  as  in  the 
plain  iron  and  quinine  citrate,  the  required  proportion  of  each  beifi^ 
identical  in  both  salts. 

Iron  and  Strychnine  Oitrate. — For  the  pi^paration  of  thU 
compound  iron  and  ammonium  citrate  is  generally  employed,  io 
order  to  obtain  at  once  a  readily  soluble  product ;  1  Gm.  each  of 
strychnine  and  citric  acid  are  dissolved  in  about  20  Cc.  of  water  and 
added  to  a  solution  of  98  Gm.  of  iron  and  ammonium  citrate  in  it> 
own  weight  of  water,  the  mixed  liquids  being  concentrated  and  scaled 
on  glass  like  other  scale  salts. 

The  Pharmacopoeia  requires  for  this  preparation  the  presence  of 
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not  less  than  0.9  nor  more  than  1  per  cent,  of  strychnine  and  a  pro- 
portion of  ferric  citrate  corresponding  to  16  per  cent,  of  metallic  iron. 
The  assay  is  made  in  the  same  manner  as  prescribed  for  iron  and 
quinine  citrate. 


Solution  of  Ferric  Chloride. — An  aqueous  solution  of  ferric 
chloride,  FeClj,  containing  not  less  than  29  per  cent,  of  the  anhy- 
drous salt.  The  oificial  directions  for  preparing  this  solution  consist 
in  treating  bright  iron  wire  with  hydrochloric  acid  diluted  with 
about  one-half  its  weight  of  water,  oxidizing  the  resulting  solution 
by  means  of  nitric  and  hydrochloric  acids,  and  finally,  after  addition 
of  a  little  more  hydrochloric  acid,  bringing  the  liquid  to  a  definite 
weiffht  by  addition  of  distilled  water. 

The  mixture  of  iron,  hydrochloric  acid,  and  water  is  heated  on  a 
water-bath  for  not  less  than  1 J  hours  or  until  eflPervescence  ceases, 
which  latter  is  due  to  the  escape  of  hydrogen,  the  ferrous  chloride 
formed  dissolving  in  the  water,  as  illustrated  by  the  equation 
Fe,  +  4HC1  =-- 2FeCl,  +  H,.  Not  all  the  iron  is  dissolved,  an 
excess  being  purposely  used  to  facilitate  the  reaction.  The  mixture 
is  then  boiled  and  filtered  through  paper,  the  flask  and  wire  being 
rinsed  with  hot  water.  A  further  adoition  of  hydrochloric  acid  is 
at  once  made  to  the  filtrate,  to  avoid  the  formation  and  deposit  of 
ferric  oxychloride,  as  the  ferrous  chloride  is  readily  oxidized  by 
the  air. 

The  liquid,  which  has  now  assumed  a  deep  green  color,  is  poured 
slowly  into  a  porcelain  dish  containing  nitric  acid,  and  then  warmed. 
A  change  in  color  to  reddish-brown  at  once  occurs,  owing  to  the 
conversion  of  the  ferrous  into  ferric  chloride,  accompanied  by  efler- 
vescence  and  escape  of  red  fumes,  which  may  be  illustrated  by  the 
following  equation:  SFeCl,  +  3HC1  +  HNO3  ==  SFeCl,  +  NO + 
2H2O.  The  red  fumes  are  due  to  nitrogen  tetroxide,  NO,  or  NjO^, 
resulting  from  a  union  of  nitric  oxide,  NO,  with  some  of  the  oxygen 
of  the  air. 

It  frequently  happens  that  the  color  of  the  liquid  remains 
blackish  for  some  time ;  this  is  due  either  to  a  union  of  ferrous 
chloride  with  nitric  oxide,  in  which  case  it  disappears  upon  further 
heating  as  oxidation  progresses,  or,  it  may  be,  to  an  insufficiency  of 
nitric  acid  and  consequent  imperfect  oxidation.    ^ 

To  remove  all  nitrogen  compounds,  the  liquid  is  heated  on  a  sand- 
bath  until  free  from  nitrous  oclor,  after  which  it  is  tested  for  ferrous 
gait,  as  prescribed ;  and  if  more  nitric  acid  is  necessary,  this  should 
l>e  added  drop  by  drop  to  the  hot  liquid  and  only  as  long  as  eflerves- 
oence  results,  as  an  excess  of  nitric  acid  is  not  readily  removed.  If 
ferrous  salt  is  found  absent,  a  test  for  nitric  acid  should  be  made, 
and,  if  present,  the  liquid  must  be  boiled  on  a  sand-bath  until 
entirely  tree  therefrom  ;  this  is  preferably  done  with  careful  addition 
of  small  quantities  of  hydrochloric  acid,  which  facilitates  the  expul- 
sion of  nitric  acid  by  decomposing  it,  and  prevents  the  formation  of 
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oxychloride.  Should  tlie  liquid,  upon  boiling  to  free  it  from  nitric 
acidy  separate  a  blackish-brown  deposit  on  the  sides  or  bottom  of  the 
dish,  this  would  indicate  ferric  oxychloride,  which  can  only  be  over- 
come by  careful  addition  of  hydrochloric  acid  to  the  hot  liquor  until 
a  0.5  per  cent,  solution  of  the  latter  in  water  remains  clear  upon 
boiling  and  cooling. 

The  final  addition  of  hydrochloric  acid  to  the  liquid  is  for  the 
purpose  of  preventing  the  formation  of  ferric  oxychloride  by  having 
an  excess  of  the  acid  present. 

Solution  of  ferric  chloride  contains  a  small  amount  of  free 
hydrochloric  acid,  but  should  be  absolutely  free  from  ferrous  salt 
and  ferric  oxychloride,  as  well  as  nitric  acid  and  other  nitrogen 
compounds.  Commercial  solutions  of  ferric  chloride  are  frequently 
contaminated  with  ferric  oxychloride,  and  nitrous  odors  are  often 
perceptible. 

The  oificial  solution  has  a  specific  gravity  of  alx)ut  1.315  at  25^  C. 
(77°  F.).,  and  contains  nearly  0.382  Gm.  of  anhydrous  ferric 
chloride  in  each  Cc,  or  about  175  grains  in  each  fluidoance;  its 
chief  use  in  pharmacy  is  for  the  preparation  of  the  tincture  of 
ferric  chloride.  The  Pharmacopoeia  requires  that  the  solution  shall 
contain  an  amount  of  ferric  chloride  corresponding  to  10  percent, 
of  metallic  iron,  which  is  determined  volumetrically  by  the  iodo- 
metric  method,  as  already  explained  under  Ferric  Chloride.  l.U 
Gm.  of  the  solution  being  used  for  the  official  test,  each  Cc.  of  j^ 
sodium  thiosulphate  solution  required  to  discharge  die  color  caused 
by  the  liberated  iodine  represents  0.00555  Gm.  of  metallic  iron,  and 
hence  corresponds  to  J  per  cent,  of  the  1.11  Gm.  taken;  20 Cc. 
will  therefore  be  required  to  indicate  10  per  cent 

Solution  of  Feme  Snbsnlphate. — An  aqueous  solution  d 

basic  ferric  sulphate  of  variable  composition.  It  is  prepared  bj 
adding  675  Gm.  of  crystallized  ferrous  sulphate  to  a  heated  mixture 
of  65  Gm.  of  sulphuric  and  70  Gm.  of  nitric  acid,  and  500  Cc.  ot 
water ;  when  effervescence  ceases  the  liquid  is  tested  for  ferrous  salt, 
and,  if  this  be  found  present,  nitric  acid  is  added  drop  by  drop  toth^ 
hot  liquid  as  long  as  it  causes  effervescence  and  the  disengagemem  <>t 
red  fumes.  Finally  the  liquid  is  boiled  until  a  clear  ruby-red  soluti*»D 
is  obtained  entirely  free  from  nitrous  odor,  and  is  diluted  with  vaier 
to  the  weight  of  1000  Gm.  . 

The  ferrous  sulphate  is  used  in  the  form  of  a  coarse  TOwder,  awl 
added  to  the  hot  acid  mixture  in  divided  portions,  in  order  to  avoid 
a  violent  reaction.  In  the  presence  of  nitric  and  sulphuric  aciJ^ 
oxidation  takes  place,  converting  the  ferrous  into  a  ferric  salt,  but. 
owing  to  an  insufficient  amount  of  sulphuric  acid,  a  basic,  instead  iA 
a  normal,  ferric  sulphate  is  produced,  the  composition  of  which  i> 
variable ;  hence  no  definite  formula  can  be  assigned  to  it,  although 
the  following,  Yef>{&:>^^,  is  used  by  some  to  illustrate  the  natur€;>t 
the  salt.     In  the  preparation  of  this,  as  well  as  the  next  following 
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solution^  copious  red  vapors  are  evolved^  due  to  the.  escape  of  nitric 
oxide  in  the  air^  and  the  liquid  assumes  a  black  tint  temporarily, 
on  account  of  a  union  between  the  ferrous  sulphate  and  nitric  oxide ; 
these  phenomena  have  been  explained  in  connection  with  the  manu- 
fiicture  of  solution  of  ferric  chloride  (p.  561). 

If  a  little  sulphuric  acid  be  added  to  solution  of  ferric  subsulphate, 
the  color  becomes  lighter,  and,  if  added  to  the  extent  of  one-half  the 
volume  of  the  latter,  a  white  mass,  consisting  of  anhydrous  ferric 
sulphate,  will  separate. 

The  name  MonseFs  Solution  is  usually  applied  to  this  preparation, 
which  is  also  prescribed  by  physicians  as  solution  of  persulphate  of 
iron ;  although  chemically  incorrect,  this  last  name  is  sometimes  em- 
ployed in  this  country  when  the  official  solution  of  the  subsulphate 
is  intended,  particularly  by  some  of  the  older  physicians. 

Solution  of  ferric  subsulphate  is  a  dense  solution,  having  a  specific 
gravity  of  about  1.548  at  25°  C.  (77®  F.),  and  is  apt  to  separate  a 
semisolid  crystalline  whitish  mass  upon  standing,  particularly  in  the 
cold.  This  is  not  a  sign  of  deterioration,  but  is  due  to  the  concen- 
tration of  the  solution,  and  can  be  overcome  by  placing  the  bottle  in 
warm  water  for  a  while  and  aeitating,  when  perfect  solution  will  be 
restored.  The  Pharmacopoeia  demands  that  the  amount  of  basic 
ferric  sulphate  present  in  this  solution  shall  correspond  to  13.57  per 
cent,  of  metallic  iron,  to  be  estimated  in  the  same  manner  as  indicated 
for  the  other  iron  solutions. 

Solution  of  Ferric  Sulphate. — An  aqueous  solution  of  normal 
ferric  sulphate,  Fe2(S04)5,  containing  about  36  per  cent,  of  the  salt. 
This  solution  is  not  used  medicinally,  being  employed  only  for  the 
preparation  of  other  iron  compounds.  It  is  made  in  the  same 
manner  as  solution  of  ferric  subsulphate,  except  that  a  larger  pro* 
portion  of  acids  is  used,  a  different  product  being,  therefore,  obtained. 
The  foUowmg  equation,  6(FeSO,  +  IB^O)  +  3H3SO,  +  2HNO3  = 
3Fei(S04)3  +  2N O  +  46H,0,  shows  that  the  reaction  results  in  the 
formation  of  a  normal  salt,  which  is  the  only  point  of  difference  in 
the  composition  of  this  and  the  preceding  solution. 

Solution  of  ferric  sulphate  is  known  in  the  British  Pharmacopoeia 
as  Solution  of  Persulphate  of  Iron,  but  the  official  Latin  title  01  the 
United  States  Pharmacopoeia,  Liquor  Ferri  Tersulphatis,  is  prefer- 
able, as  at  once  indicating  the  true  nature  of  the  chemical  compound 
present.  It  can  readily  be  distinguished  from  MonsePs  Solution  by 
a  lower  density  and  lighter  color,  and  also  by  not  separating  white 
ferric  sulphate  upon  addition  of  one-half  its  volume  of  sulphuric 
acid.  The  solution  has  a  specific  gravity  of  about  1.432  at  25°  C. 
(77^  F.),  and  is  required  to  contain  an  amount  of  ferric  sulphate 
corresponding  to  not  less  than  10  per  cent,  of  metallic  iron. 

Solution  of  Iron  and  Ammonium  Acetate. — This  well-known 
preparation  is  usually  prescribed  by  physicians  as  *'  Basham's  Mix- 
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ture/^  or  under  its  old  official  (Pharmacopoeia,  1880)  title,  Mi»mni 
Ferri  et  Ammonii  Acetatis.  It  is  readily  prepared  by  adding  to 
500  Co.  of  solution  of  ammonium  acetate  successively  60  Co.  of 
diluted  acetic  acid,  40  Cc.  of  tincture  of  ferric  chloride,  120  Cc.  of 
aromatic  elixir,  120  Cc.  of  glycerin,  and  sufficient  water  to  bring  the 
total  volume  up  to  1000  Cc. 

As  its  name  indicates,  the  solution  contains  both  iron  and  ammo- 
nium acetates,  the  former  salt,  to  which  the  deep-red  color  of  the 
liquid  is  due,  being  formed,  at  the  time  of  preparation,  by  mntoal 
decomposition  between  the  ferric  chloride  and  a  part  of  the  ammo- 
nium acetate ;  a  small  amount  of  ammonium  chloride  also  is  formed. 
It  is  important  that  the  solution  of  ammonium  acetate  be  notalkalioe, 
so  that,  upon  addition  of  the  diluted  acetic  acid,  an  excess  of  the 
latter  shall  be  present,  to  avoid  the  formation  of  basic  ferric  acetate 
when  the  tincture  of  ferric  chloride  is  added. 

Although  the  Pharmacopoeia  directs  that  this  preparation  sboold 
be  freshly  made  when  wanted,  this  is  not  necessary,  as,  when  pre- 
pared strictly  according  to  the  present  official  formula,  it  keeps  well 
for  months,  without  showing  signs  of  change  even  in  diffused  light  or 
during  summer  weather.  The.  present  preparation  is  twice  as  stroog 
as  that  formerly  official  and  contains  in  each  Cc.  about  0.00766  Gm. 
of  ferric  acetate,  or  about  ^  grain  in  ^  fluidounoe,  the  average  adult 
dose. 

Tinctnre  of  Ferric  Ohloride. — This  is  a  hydro-alcoholic  solutico 
of  ferric  chloride,  containing  13.28  percent,  of  the  anhydrous  salt. 
The  Pharmacopoeia  directs  that  350  Cc.  of  solution  of  ferric  dJoride 
shall  be  mixed  with  sufficient  alcohol  to  yield  1000  Cc. ;  this  will 
require  slightly  more  than  650  Cc.  of  alcohol,  on  account  of  the  con- 
traction of  volume  which  invariably  results  when  aaueous  liquids  and 
alcohol  are  mixed.  The  official  directions,  to  set  the  mixture  aside 
for  a  period  of  three  months,  are  for  the  purpose  of  allowing  oerta'm 
changes  to  take  place  before  dispensing  the  tincture  ;  these  changes 
are  due  to  reaction  between  the  acid  solution  of  ferric  chloride  and 
alcohol,  resulting  in  the  formation  of  ethyl  chloride  and  other  ethereil 
products,  which  modify  the  odor  of  the  preparation  to  some  extent, 
and  are  t^aid  also  to  possess  marked  medicinal  properties.  By  stine 
authorities  it  is  claimed  that  these  changes  will  not  be  completed  at 
the  end  of  three  months,  and  that,  in  feet,  they  will  continue  for  a 
period  of  six  or  nine  months. 

Occasionally  the  mixture  is  found  to  deposit  a  yeHowish-brcwB 
sediment ;  this  is  due  to  ferric  oxychloride  present  in  the  solution  i4 
ferric  chloride  used,  and  is  an  evidence  that  the  latter  preparaiK* 
was  not  properly  made. 

Tincture  of  ferric  chloride  contains,  in  each  Cc,  about  0.1334  Go- 
of  anhydrous  ferric  chloride,  equivalent  to  about  60  grains  in  eai^ 
fluidounce.  Upon  exposure  to  sunlight  it  is  gradually  changed  ia 
color,  assuming  a  greenish-brown  tint,  owing  to  reduction  of  iJ^ 
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ferric  to  ferrous  salt ;   hence  it  should  be  protected  from  strong 

The  proportion  of  ferric  chloride  present  in  the  oiBcial  tincture 
<joiTe8ponds  to  4.58  per  cent,  of  metallic  iron,  and  is  determined  in 
the  usual  manner  with  potassium  iodide  and  sodium  thiosulphate. 
In  order  to  insure  the  absence  of  ferrous  salt  and  other  impurities  in 
the  official  test,  the  Pharmacopoeia  directs  that  2.22  Gm.  of  the  tinc- 
ture be  evaporated  to  dryness,  mixed  with  2  Cc.  each  of  hydrochloric 
acid  and  solution  of  hydrogen  dioxide  and  again  evaporated  to  dry- 
ness before  it  is  dissolved  in  water,  and  fiirther  treated  with  hydro- 
chloric acid  and  potassium  iodide.  Each  Cc.  of  the  sodium  thiosul- 
phate solution  used  corresponds  to  0.00555  6m.  of  metallic  iron, 
which  is  equivalent  to  ^  per  cent,  of  2.22  6m.,  and  not  less  than 
18.3  Cc.  will  therefore  be  required  to  indicate  4.58  per  cent,  of  2.22 
Gm.  or  0.101676  6m.,  for  0.101676  -^  0.00555  =  18.32. 

Besides  the  official  preparations  of  iron,  the  following  are  em- 
ployed : 

AlbTuninate  of  Iron. — This  compound  occurs  in  the  form  of 
yellowish-brown  scales,  obtained  by  concentrating  an  alkaline  solu- 
tion of  ferric  albuminate  (see  Solution  of  Albuminate  of  Iron)  with 
the  aid  of  a  low  heat,  spr^euling  the  same  on  plates  of  glass  and  dry- 
ing at  a  moderate  temperature.  It  represents  between  3  and  4  per 
cent  of  metallic  iron,  and  must  be  carefully  preserved. 

Arsenate  of  Iron. — This  preparation,  as  found  in  the  market, 
is  of  a  variable  composition,  and  consists  chiefly  of  ferrous  arsenate, 
re3(As04),.6H20,  with  ferric  arsenate  and  some  iron  oxide.  It  is 
recognized  in  the  British  Pharmacopoeia  as  iron  arsenate,  and 
directed  to  be  made  by  mixing  a  solution  of  sodium  arsenate  with 
one  of  ferrous  sulphate  and  adding  some  sodium  bicarbonate.  Fer- 
rous arsenate  is  precipitated,  which  is  well  washed  and  dried,  in  the 
meantime  undergoing  oxidation  and  changing  from  greenish  white 
to  olive  green  or  bluish  green  in  color. 

Benzoate  of  Iron.     Ferric  Benzoate.    Te{0^02\  or  (0^- 

G00)3Fe. — This  salt  may  be  obtained  as  a  pale-brownish  powaer  by 
adding  a  concentrated  solution  of  sodium  benzoate  to  a  solution  of 
ferric  sulphate,  washing  the  resulting  precipitate  with  a  little  cold 
water,  and  drying  the  same. 

Bromide  of  Iron.  Ferrous  Bromide.  TeBr^. — This  compound 
is  prepared  by  direct  union  of  iron  and  bromine  in  the  presence  of 
water ;  an  excess  of  iron  wire  is  used,  and  when  a  pale-^reen  solu- 
tion results  it  is  filtered  and  evaporated  to  dryness  in  a  bright  iron 
dish.  It  forms  a  dark,  almost  black  mass,  which  turns  brown 
through  oxidation  upon  exposure  to  air ; ,  hence  it  must  be  preserved 
in  tightly  stoppered  bottles. 
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Dialyzed  Iron. — Under  this  name  a  solution  of  a  highly  basic 
ferric  oxychloride  has  been  used  by  physicians  for  many  years.  It 
is  recognized  in  the  German  Pharmacopoeia  by  the  names  Imw 
ferri  oxydaU  dialyaati  and  liquor  Jerri  oxychloratu  The  official 
German  preparation  is  not  obtained  by  dialysis,  but  simply  by  dis- 
solving freshly  prepared  ferric  hydroxide  in  water,  with  the  aid  of 
a  very  small  quantity  of  hydrochloric  acid  and  a  gentle  heat  The 
process  usually  followed  in  this  country  consists  in  saturating  a  solo- 
tion  of  ferric  chloride  with  freshly  made  ferric  hydroxide,  the  liquid 
being  placed  in  a  dialyzer  (see  page  166)  and  suspended  in  water, 
which  is  frequently  renewed  as  long  as  the  latter  shows  anr  reac- 
tion for  chlorides.  Complete  removal  of  ferric  chloride  is  neither 
practicable  nor  desirable,  and  highly  basic  oxychlorides  give  no 
reaction  with  silver  nitrate.  The  solution  of  ferric  oxychloride 
remaining  in  the  dialyzer  is  then  diluted  with  sufficient  water  so 
that  100  parts  by  weight,  when  evaporated  and  dried  at  a  tempen- 
ture  not  above  100°  C.  (212°  F.),  shall  yield  5  parts  of  solid  residue. 
The  composition  of  the  ferric  oxychloride  found  in  commercial 
dialyzed  iron  varies,  ranging  between  FeCl,  +  lOFe^O,,  and  FeClj 
+  SSFcjOj;  still  more  highly  basic  oxychlorides  can  be  obtained  by 
dialysis,  but  the  solutions  are  apt  to  gelatinize  on  standing. 

Ferrocyanide  of  Iron.    Ferric  Ferrocjranide.    TejlB{CS)^ 

— When  a  solution  of  potassium  ferrocyanide  is  gradimlly  added 
to  a  dilute  solution  of  ferric  sulphate  a  dark-blue  precipitate  h&m^ 
the  above  composition  is  obtained.  The  precipitate  must  be  well 
washed  with  boiling  water,  to  remove  all  potassium  sulphate,  and  is 
then  dried. 

Olycerophosphate  of  Iron.    Ferric  Olycerophosphate.   Fe.- 

(03H5(OH)j^04)3.— This  salt  may  be  obtained  by  dissolving  freshly 
precipitated  and  well-washed  ferric  hydroxide  in  an  aqueous  solution 
of  glycerophosphoric  acid,  evaporating  the  solution  in  a  vacuum 
apparatus  to  a  syrupy  consistence,  and  then  spreading  on  plates  oi 
glass  and  drying  at  a  gentle  heat.  It  forms  yellow  scales,  soluble  in 
water  and  diluted  alcohol. 

Iodide  of  Iron.    Ferrous  Iodide.    Fel,. — This  preparation  is 

obtained  by  first  making  a  solution  of  ferrous  iodide,  in  a  maiinH* 
si  miliar  to  that  followed  for  bromide  of  iron,  and  evaporating  this  ^» 
dryness  in  a  bright  iron  dish.  It  occurs  as  a  very  deliquescent  black 
mass,  which  must  be  carefully  preserved  in  a  tightly  stoppered  bt>tile. 

Lactate  of  Iron.  Ferrous  Lactate.  Te{O^Oi\  +  SSL^O  0r 
(OH30HOHOOO)3Fe  +  3H,0.— This  salt  may  be  prepared  bydonhif 
decomposition  between  solutions  of  calcium  lactate  and  ferrous  snl- 
phate,  the  newly  formed  calcium  sulphate  being  completely  removrJ 
by  addition  of  alcohol ;  the  filtrate  is  finally  evaporated  and  orystel- 
lized.     It  may  also  be  obtained  by  digesting  pure  iron   wire  wiii» 
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diluted  lactic  acid  until  reaction  ceases^  then  filtering,  concentrating, 
and  crystallizing  the  sohition.  In  the  first  process  the  reaction  is  as 
follows :  CaCCaHP,),.^^©  +  FeSO^.TH^O  =  Fe(C3H503),  + 
CaS04  +  I2H2O ;  while  in  the  second  process  ferrous  lactate  i» 
formed  with  elimination  of  hydrogen ;  tnus,  Fe,  4-  iUCJlfi^  = 
2Fe(C,H,0^,  +  H«. 

Two  varieties  of  ferrous  lactate  occur  in  commerce,  one  in  well- 
defined  crystalline  crusts  and  another  in  the  form  of  a  crystalline 
powder.  The  first-named  is  to  be  preferred  for  pharmaceutical  pur- 
poses ;  it  is,  as  a  rule,  more  soluble  and  less  likely  to  have  became 
oxidized.  Ferrous  lactate  should  be  preserved  in  tightly  stoppered 
bottles,  in  a  dry  place,  as  upon  exposure  to  moist  air  it  is  gradually 
converted  into  a  ferric  salt. 

Malate  of  Iron. — Impure  ferrous  malate  occurs  in  the  form  of  a 
blackish-green  mass,  obtained  by  digesting  the  juice  of  sour  apples 
w^ith  iron  filings,  ^H^ring,  and  evaporating  the  solution  to  the  con- 
sistence of  an  extract.  It  is  recognized  in  the  German  Pharmaco- 
poeia under  the  name  of  Extractum  Ferri  Pomatum. 

Oxalate  of  Iron.    Ferrous  Oxalate.    FeC^O^  or  (COO),Fe. — 

This  salt  may  be  conveniently  prepared  by  mixing  a  solution  of 
acid  ammonium  oxalate  with  one  of  ferrous  sulphate ;  the  lemon- 
yellow  precipitate  of  ferrous  oxalate  is  well  washed  with  water  until 
a  reaction  for  sulphuric  acid  is  no  longer  obtained,  and  then  dried» 
This  process  affords  a  better  yield  than  if  ferrous  sulphate  be  treated 
with  pure  oxalic  acid,  since  some  of  the  salt  would  be  lost  by  solu- 
tion in  the  diluted  sulphuric  acid. 

Phosphate  of  Iron. — This  compound  has  been  mentioned  in 
connection  with  the  soluble  salt  of  the  same  name.  It  is  a  variable 
mixture  of  ferrous  and  ferric  phosphates  with  ferric  oxide,  and  is 
recognized  in  the  British  Pharmacopoeia,  which  directs  it  to  be  pre- 
pared by  adding  a  solution  of  sodium  phosphate  to  one  of  ferrous 
sulphate,  finally  adding  some  sodium  bicarbonate.  The  precipitate 
of  ferrous  phosphate,  Fe3(P04)2,  is  washed  and  dried,  during  which 
time  it  is  slowly  oxidized.  Phosphate  of  iron  is  a  slate-blue  amor- 
phous powder,  insoluble  in  water. 

Peptonate  of  Iron. — If  egg-albumen  be  digested  with  pepsin 
and  very  dilute  hydrochloric  acid  for  some  time  at  a  temperature 
not  exceeding  40^  C.  (104°  F.),  a  solution  of  peptone  will  be  obtained, 
which,  after  being  neutralized  with  solution  01  soda  and  added  to  a 
solution  of  ferric  oxychloride,  yields  a  precipitate  of  ferric  peptonate. 
In  order  to  obtain  the  compound  in  soluble  form  the  precipitate  is 
dissolved  in  water  with  the  aid  of  a  little  hydrochloric  acid  and  heat, 
the  solution  evaporated  to  a  syrupy  consistence,  and  spread  on  plates 
of  glass,  to  be  dried  at  a  temperature  not  above  30°  C.  {2^^^  F.). 
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Saceharated  Oxide  of  Iron. — This  preparation,  known 
as  soluble  oxide  of  iron,  is  officially  recognized  in  the  German  Phar- 
macopoeia, and  is  used  to  some  extent  in  this  country.  It  is  obtained 
by  adding  to  freshly  prepared  ferric  hydroxide  a  given  proportion 
of  sodium  hydroxide  solution  and  sugar,  heating  the  mixture  to  per- 
fect solution,  then  evaporating  to  dryness,  powdering,  and  incorpo- 
rating with  it  sufficient  sugar  to  bring  the  product  up  to  a  definite 
weight,  representing  the  equivalent  of  3  per  cent,  of  metallic  iron. 
The  ejcact  composition  of  the  reddish-brown  powder  is  as  yet  not 
clearly  Understood ;  it  is  considered  to  be  a  sodio-ferric  saochanvte, 
the  presence  of  the  alkali  being  essential,  as,  with  sugar  alone,  ferric 
hydroxide  does  not  form  a  perfectly  soluble  compound. 

Salicylate  of  Iron.    Ferrous  Salicylate.    Ye{Q^O^  or  (0,1, 

(0H^000)2Fe. — This  is  best  prepared  by  dissolving  freshly  precipi- 
tatea  ferrous  carbonate  in  water  by  means  of  salicylic  acid,  with  the 
aid  of  gentle  heat,  filtering,  and  evaporating  the  solution  to  drj'ness 
on  a  water-bath. 

Valerate  of  Iron.  Ferric  Valerate. — This  salt,  fonnerly 
officially  recognized  as  ferric  valerianate,  is  best  obtained  by  doulAe 
decomposition  between  cold  solutions  of  ferric  sulphate  and  sodium 
valerate,  washing  the  resulting  precipitate  with  a  little  cold  iirater, 
and  drying  at  a  moderate  temperature.  The  composition  of  ferric 
valerate  is  variable,  depending  upon  the  care  employed  in  washing 
the  precipitate  and  the  temperature  at  which  it  is  dried.  The  normal 
salt  would  have  the  composition  Ye{CJlf)^  but  the  commercial 
product  is  mixed  often  with  basic  salt,  as  shown  by  its  increased  yieU 
of  ferric  oxide  upon  ignition. 

Ferric  valerate  is  rarely  used  in  other  tlian  pill-form,  altiioagh 
it  is  readily  soluble  in  alcohol. 

Solntion  of  Albuminate  of  Iron. — ^An  aromatic,  alkaline  sola- 
tion  of  ferric  albuminate  prepared,  according  to  the  Grerman  Phar- 
macopoeia, as  follows :  a  solution  of  35  parts  of  dry  egg-albumen 
in  1000  parts  of  water  is  slowly  added  to  a  mixture  of  120  parts  of 
solution  of  oxy chloride  of  iron  and  1000  parts  of  water ;  the  result- 
ing precipitate  is  well  washed  with  water  until  all  chlorine  has  been 
removed,  and  then  dissolved  in  3  parts  of  solution  of  soda  (sp.  grav. 
1.17)  diluted  with  50  parts  of  water.  To  this  solution  are  added 
150  parts  of  alcohol,  100  parts  of  cinnamon  water,  2  parts  of  aro- 
matic tincture,  and  sufficient  water  to  bring  the  total  weight  up  to 
1000  parts.     It  represents  about  0.4  per  cent,  of  metallic  iron. 

Snbcarbonate  of  Iron. — Under  this  name  an  amorphous  red- 
dish-brown powder  has  long  been  known  in  pharmacy,  and  was  at 
one  time  recognized  in  the  Pharmacopoeia  (1870).  It  is  a  variable 
mixture,  the  composition  «depending  upon  age  and  the  temperature  at 
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>(hich  it  has  beea  dried,  and  consists  chieflj  of  ferric  oxide  and  hy- 
droxide with  some  ferrous  carbonate.  The  manner  of  preparing  it 
is  to  mix  solutions  of  ferrous  sulphate  and  sodium  carbonate  together, 
whereby  greenish-white  ferrous  carbonate  is  precipitated;  this  is 
thoroughly  washed  with  water  and  dried,  during  which  operation  it 
rapidly  darkens  and  becomes  oxidized,  with  the  elimination  of  car- 
bon dioxide.  Subcarbonate  of  iron  is  practically  identical  with 
ferric  oxy hydrate,  FegOj  +  Yo^H)^  and  is  often  designated  as  red 
steel-dust  by  the  public. 

Syrup  of  Arsenate  of  Iron. — ^A  preparation  of  the  National 
Formulary  containing  about  A-  grain  of  ferric  arsenate,  Fe2As04,  in 
each  fluidrachm.  It  is  made  by  preparing  a  solution  of  ferric 
arsenate  from  sodium  arsenate  and  ferric  citrate,  and  mixing  this 
with  simple  syrup,  the  ferric  arsenate  being  held  in  solution  by  the 
newly  formed  sodium  citrate. 

Syrup  of  Oitro-lodide  of  Iron. — This  preparation,  also  known 
as  '^  tasteless  syrup  of  iodide  of  iron/'  is  made,  according  to  the 
National  Formulary,  by  dissolving  iodine  in  a  solution  of  ferrous 
iodide  and  adding  this  solution  to  a  solution  of  potassium  citrate ; 
as  soon  as  a  deep-green  color  has  developed  sugar  is  added  and  dis- 
solved by  agitation.  Each  fluidounce  contains  about  29  grains  of 
ferric  iodide,  Felj,  equivalent  to  about  0.0635  Gm.  in  each  Cc. 


Syrup  of  Soluble  Oxide  of  Iron. — ^This  syrup  may  be  con- 
veniently prepared  extemporaneously  as  wanted,  by  forming  a  solu- 
tion of  equal  parts  by  weight  of  saccharated  oxide  of  iron,  water, 
and  simple  syrup.  This  is  the  formula  given  by  the  Grerman  Phar* 
maoopoeia ;  a  more  tedious  process  for  making  the  syrup  from  solu- 
tion of  ferric  chloride  is  given  in  the  National  Formulary.  Each 
fluidounce  of  the  syrup  represents  about  6^  grains  of  metallic  iron, 
or  about  0.0143  Gm.  in  each  Cc. 

Tincture  of  Citro-chloride  of  Iron. — The  National  Formulary 
directs  this  preparation,  which  is  better  known  as  '^  tasteless  tincture 
of  iron/'  to  be  made  by  adding  sodium  citrate  to  a  diluted  solution 
of  ferric  chloride  and  heating  until  perfect  solution  is  effected.  Alco- 
hol is  then  added,  and  finally  sufficient  water  to  make  up  the  re- 
quired volume.  The  tincture  is  of  a  deep-green  color,  and  the  amount 
o£  iron  represented  is  about  the  same  as  in  the  official  tincture  of 
ferric  chloride. 


CHAPTER   XLIX. 

_j       THE  COMPOUNDS  OF  MANGANESE  AND  CHEOMITTE 

Of  these  two  metals  the  Pharmacopoeia  recognizes  but  4  oom- 
pounds,  and  even  these  are  not  frequently  employed.  The  officud 
preparations  are  as  follows : 

Official  English  Name.  Official  Latin  Name. 

Precipitated  Manganese  Dioxide,  Mangani  Dioxidum  PnectpiUtum. 

Manganese  Hypophoephite,  Mangani  H7popho6phi& 

Manganese  Sulpluite,  Mangani  Sulphas. 

Chromium  Trioxide,  Chromii  Trioxidum. 

Precipitated  Manganese  Dioxide. — This  compound  consists 

chiefly  of  manganese  dioxide  with  small  amounts  of  other  oxides  of 
manganese.     Being  obtained  by  precipitation,  it  is  free  from  foreign 
matter  and  therefore  well  suited  for  internal  use.     The  official  dilu- 
tions for  Its   preparation  involve  the   precipitation  of  manganous 
hydroxide  from  a  solution  of  the  sulphate  by  addition  of  ammonia 
water,  and  its  conversion  into  manganic  hydroxide  by  means  of  hj'dnh 
gen  dioxide,  which  is  then  dried  at  160°  C.  (302^  F.)  and  changed 
to  manganese  dioxide,  the  water  of  hydration  being  nearly  all  driven 
off  at  that  temperature.   The  following  equations  indicate  the  suocer 
sive  steps  in  the  manufacture :     MnS04  +  2NH4OH  =  Mn{OH\ 
+  (NH,)2SO,;  Mn(OH),  +  HA  =  Mn(OH)4  or  MnO,+  2H:0. 
It  is  a  very  fine  black  powder,  which,  when  heated  to  redness,  give^ 
off  oxygen  and  is  converted  into  manganoso-manganic  oxide  MdjO^. 
The  Pharmacopoeia  requires  that  precipitated  manganese  dionde 
shall  contain  not  less  than  80  per  cent,  of  pure  MnOj,  but  sonie 
manufacturers  are  offering  an  article  of  over  90  per  cent,  puniy. 
The  determination   is   made  volumetrically  with  oxalic  acid.     In 
the  oflRcial  test  y^  oxalic  acid  solution  is  added  in  excess,  50  u. 
to  0.2  Gm.  of  the  sample,  and  heated  in  the  presence  of  gulphnnf 
acid,  after  which   the  excess  of  oxalic  acid  is   titrated  witb  y^ 
potassium  permanganate  solution.     The  equation  MnO,  -f  (HjC/v 
-V  2HjO)  +  H2SO,  =  2CO2  +  MnSO,  +  4HjO  shows  that  1  mole- 
cule  or   86.36  Gm.  of  manganese  dioxide  is  capable  of  oxidizine 
1    molecule  or  125.10  Gm.  of  crystallized  oxalic  acid,  and  cat'" 
Co.  of  jji  oxalic  acid  solution,  containing  0.006255   Gm.  of  lli** 
acid,   will    therefore    require    0.004318    Gm.   of    pure   maDgane^^ 
dioxide.     As  the  Pharmacopoeia  demands  that   not  more  than  1  > 
(12.95)  Cc.  of  the  potassium  permanganate  solution  shall  be  neces?arv 
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to  produce  a  slight  pink  tint,  it  requires  that  37  (50-13)  Cc.  of  the^ 
oxalic  acid  solution  shall  be  oxidized  by  the  0.2  Gm.  of  precipitated 
manganese  dioxide  used,  which  would  indicate  not  less  than  80  per 
cent,  purity,  for  0.004318  X  37  =0.159766,  and  0.159766  is  79.88  + 
(practically  80)  per  cent,  of  0.2. 

Commercial  native  manganese  dioxide,  also  known  as  black  oxide- 
of  manganese,  or  pyrqlusite,  is  no  longer  recognized  officially.  It  ia 
found  in  different  parts  of  Russia,  Germany,  France,  Spain,  and 
Great  Britain,  ana  also  in  Nova  Scotia,  Vermont,  Pennsylvania^ 
and  other  parts  of  North  America.  Sometimes  it  is  found  nearly 
pure,  but  is  generally  associated  with  other  manganic  ores,  particularly 
with  the  inferior  brown  manganite,  and  often  with  iron,  lime,  baryta, 
silica,  etc.  Pyrolusite  is  the  most  important  and  most  abunoant: 
manganese  mineral.  When  pure  it  consists  of  63.19  per  cent,  of 
manganese  and  36.81  per  cent,  of  oxygen.  The  only  use  to  which 
black  oxide  of  manganese  is  put  in  pharmacy  is  in  the  preparation  of 
pure  chlorine  water,  and  for  this  purpose  it  should  contain  at  least 
65-70  per  cent,  of  manganese  dioxide. 

Manganese  Hypophosphite.  Mn(PH202)2  +  H,0.— This  salt 
may  be  made  by  decomposing  a  solution  of  calcium  hypophosphite 
with  one  of  manganous  sulphate,  stirring  the  mixture  well,  and  settings 
aside  in  a  warm  place  to  allow  the  calcium  sulphate  to  separate,  after 
which  the  solution  is  filtered  and  allowed  to  crystallize.  The  Phar- 
macopoeia requires  that  the  salt  shall  contain  not  less  than  97  per 
cent,  of  pure  Mn  (PHjO),,  which  may  be  determined  as  in  the  case 
of  other  hypophosphites.  The  absence  of  calcium  is  demanded,  as- 
also  of  carbonate  and  phosphate. 

Manganese  Sulphate.     Manganons  Sulphate.     MnSO^  + 

4Bfi. — This  salt  is  obtained  by  heating  a  mixture  of  manganese- 
dioxide  and  sulphuric  acid  to  dull  redness,  in  a  crucible,  for  sopie 
time  ;  when  cool,  the  mass  is  treated  with  water  and  filtered.  The 
solution,  if  iron  be  present,  is  digested  with  manganous  carbonate^ 
filtered,  concentrated  and  crystallized  at  a  temperature  not  below 
20""  C.  (68°  F.).  If  the  solution  be  allowed  to  crystallize  at  a 
temperature  approaching  5°  C  (41°  F.),  a  salt  will  be  obtained 
containing  7  molecules,  or  nearly  46  per  cent.,  of  water,  while  the 
official  salt  should  contain  only  4  molecules,  or  32.29  per  cent. 

Manganous  sulphate  is  used  for  the  preparation  of  other  manga- 
nese salts  by  mutual  decomposition,  such  as  the  carbonate,  hypophos- 
phite, and  iodide,  which  are  occasionally  used  in  pharmacy. 

Ohromium    Trioxide.     Chromic    Anhydride.    CrOs-— This 

compound,  formerly  recognized  in  the  Pharmacopoeia  as  chromic 
acid,  and  still  commercially  better  known  by  that  name,  may  be 
obtained  by  allowing  strong  sulphuric  acid  to  act  on  a  cold  saturated 
solution  of  potassium  dichromate,  chromium  trioxide  being  set  free,. 
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as  shown  by  the  following  equation  :  "Kfitfi^  +  2H,S04  =  2CrOj- 
2KHSO4  +  HgO  :  this  is  due  to  the  fact  that  chromic  acid  proper, 
H2Cr04;  like  arsenous  and  carbonic  acids,  can  exist  only  in  sola- 
tion,  and  upon  evaporation  of  the  latter  is  at  once  converted  into  \U 
anhydride.  The  mixture  becomes  heated,  and  upon  cooling  sepa- 
rates needle-shaped  crystals,  which  are  drained  and  dried  upon 
porous  tiles.  When  prepared  by  the  ordinary  methods  chromium 
trioxide  is  usually  contaminated  with  sulphuric  acid  and  potas- 
sium salts,  the  former  rendering  it  very  hygroscopic.  Inasmuch 
as  the  Pharmacopoeia  demands  the  absence  of  sulphuric  acid,  the 
process  of  manufacture  is  probably  modified  by  washing  the  crys- 
tals dried  on  porous  plates  with  small  quantities  of  strong  nitric 
acid,  again  drying  on  plates,  and  finally  heating  to  60-80®  C 
(140-176°  F.^  in  order  to  remove  adhering  nitric  acid.  The  color 
•of  commercial  chromium  trioxide  is  not  uniform,  depending  upon 
the  purity  of  the  article ;  if  pure,  the  proper  color  is  dark  purpli>h- 
red,  while  a  light  scarlet-red  color  usually  indicates  the  presence  of 
sulphuric  acid. 

The  Pharmacopoeia  requires  that  the  official  chromium  trioxide 
shall  contain  not  less  than  90  per  cent,  of  pure  CrOj,  to  be  deter- 
mined by  the  iodometric  method  by  adding  to  a  solution  of  0.083 
Gm.  of  the  compound  2  Cc.  of  hydrochloric  acid  and  1  Gm.  of  potas- 
sium iodide,  and  then  titrating  the  liberated  iodine  with  -^  sodium 
thiosulphate  solution,  using  starch  test-solution  as  an  indicator.  The 
operation  is  considered  completed  when  the  deep  blue  color  of  iodized 
starch  has  been  changed  to  a  light  green.  The  reactions  involved  in 
this  test  may  be  illustrated  by  the  following  equations,  the  first  step 
being  the  conversion  of  chromium  trioxide  into  chromic  acid  by 
solution  of  the  former  in  water :  CrO,  +  H,0  =  HjCrO^ ;  2H,Ci04  + 
6HC1  =  2CrCl3  +  O3  +  6H,0 ;  6KI  +  6HC1  =  6KC1  +  6HI ;  6HI 
+  03  =  15+  SELjO ;  showing  that  for  every  molecule  or  99.34  Gm. 
of  pure  CrOj  present  3  atoms  or  377.7  Gm.  of  iodine  will  be  liber- 
ated ;  hence  each  Cc.  of  the  sodium  thiosulphate  solution,  correspond- 
ing to  0.01259  Gm.  of  iodine,  will  also  correspond  to  0.003311  Gm. 
of  CrOj,  which  is  equal  to  4  per  cent,  of  the  0.083  Gm.  of  the  sample 
taken  for  the  test.  If  1  Cc.  of  the  sodium  thiosulphate  solution  cor- 
responds to  4  per  cent.,  it  will  require  22.5  Cc  to  indicate  90  per 
cent,  purity,  as  stated  in  the  Pharmacopoeia. 

Owing  to  its  ready  decomposition  by  organic  substances,  often 
with  explosive  violence,  chromic  anhydride  should  never  be  brought 
into  contact  with  alcohol  or  glycerin,  and  should  always  be  weighed 
on  watch-glasses,  never  on  paper ;  if  its  aqueous  solution  requires 
£ltration  this  must  be  done  by  means  of  asbestos  or  glass-wooL 


CHAPTER  L. 


THE  COMPOUNDS  OF  MERCURY. 

Next  to  the  preparations  of  iron^  those  of  mercury  are  the  most 
importuit  obtained  from  the  heavy  metals.  Like  the  iron  com* 
poandsy  they  are  divided  into  two  series,  designated  as  mercurous  and 
mercaric  compounds,  respectively.  In  mercurous  compounds,  mer- 
cury appears  univalent,  while  in  mercuric  compounds  it  acts  like  a 
bivalent  element.  The  Pharmacopoeia  recognizes  metallic  mercury 
and  17  preparations  of  it  and  its  compounds,  as  shown  by  the  follow- 
ing list : 


OffiolA]  English  Name. 

MorciiTji 

Mercory  with  Chalk, 

Amiftalufited  Mercarj, 

Mild  Mercnrous  Chloride, 

Yellow  Mercnrous  Iodide, 

CorrosiTe  Mercuric  Chloride^ 

Red  Mercuric  Iodide, 

Yellow  Mercuric  Oxide, 

Red  Mercuric  Oxide, 

Man  of  Mercnrjr, 

Mercurial  Ointment, 

Mercurial  Plaster, 

Ointment  of  Ammoniated  Mercury, 

Ointment  of  Mercuric  Nitrate, 

Ointment  of  Yellow  Mercuric  Oxide, 

Ointment  of  Bed  Mercuric  Oxide, 

Mercuric  Oleate, 

Solation  of  Mercuric  Nitrate, 


Official  Latin  Name. 

Hydrargyrum. 
Hydraxvyrum  cum  Creta. 
Hydrargyrum  Ammoniatum. 
Hydrargyri  Cbloridum  Mite. 
Hydrargyri  lodidum  FlaTuoL 
Hydrargyri  Chloridum  CorroeivaiiL. 
Hydrargyri  lodidum  Kubrum. 
Hydrargyri  Oxidum  Flavum. 
Hydrargyri  Oxidum  Bubrum. 
Massa  Hydrargyri.' 
Unguentum  Hydrargyri. 
Emplastrum  Hydrargyri. 
Unguentum  Hydrargyri  AmmoniatL 
Unguentum  Hydrargyri  Nitratis. 
Unguentum  Hydrargyri  Oxidi  Flayi. 
Unguentum  Hydrargyri  Oxidi  BubrL 
Oleatum  Hydrargyri. 
Liquor  Hydrargyri  Nitratis. 


Mercury,  Hg. — Nearly  all  commercial  mercury  is  obtained 
by  roasting  the  ore  known  as  cinnabar,  crude  native  sulphide  of 
mercary^  the  sulphur  escaping  ^is  sulphur  dioxide,  while  metallic 
mercury  is  condensed  and  collected  in  suitable  apparatus.  As  thua 
obtained,  it  is  usually  contaminated  with  lead,  copper,  and  other 
metals,  from  which  it  is  freed  by  treatment  Mrith  diluted  nitric 
acid  ;  it  is  finally  washed  with  water  and  dried.  On  a  small  scale 
mercury  may  readily  be  purified  by  shaking  with  solution  of  ferric 
cbloride  ana  subsequently  washing  with  water.  For  medicinal  pur- 
poses, only  pure  redistilled  mercury,  which  possesses  a  bright  lustre, 
should  be  used ;  if  contaminated  with  dust  or  other  mechanical 
impurities,  mercury  may  be  successfully  strained  through  a  piece 
of  close  muslin  or  chamois  skin.  For  weighing  small  quantities  of 
mercury,  it  is  most  conveniently -transferred  from  the  stock  bottle  to 
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the  balance  by  means  of  a  drop-tube  or  pipette,  as  owing  to  itsgwat 
•cohesiveness  it  cannot  be  poured  readily  from  a  bottle. 

Hercniy  with  Chftlk. — ^Although  not  so  much  used  as  formerly, 
this  preparation,  known  also  as  "  Gray  Powder/^  is  still  a  very  im- 
portant one,  as  it  represents  mercury  in  a  state  of  fine  division  in 
powder-form,  and  is  frequently  used  in  infantile  disorders.  The 
official  method  of  preparation  depends  upon  the  extinguishment  of 
the  mercury  by  means  of  succussion,  38  Gm.  of  mercury  being  shaken 
with  10  Gm.  of  clarified  honey,  for  six  hours  or  longer  in  a  stroBg 
bottle ;  this  is  best  effected  in  a  mechanical  shaker,  such  as  is  shown 
in  Fig.  295,  which  can  readily  be  attached  to  a  water-motor  con- 

Fig.  295. 


Mechanical  shaker. 


nected  with  a  hydrant.  The  mixture  of  mercury  and  honey  is  afie^ 
ward  added  to  a  thick,  creamy  paste,  made  of  67  Gm.  of  prepared 
-chalk  and  a  sufficient  quantity  of  water,  the  whole  being  tritarated 
until  a  uniform  mixture  results,  which  is  finally  dried  at  the  ordi- 
nary temperature,  and  should  be  reduced  to  powder  without  tritn- 
Tation. 

In  this  state  of  fine  division  mercury  is  very  prone  to  oxidation 
if  exposed  to  air  and  light ;  hence  the  powder  should  be  kept  irell 
protected  from  both.  While  traces  of  mercurous  oxide  cannot  be 
-entirely  avoided,  the  presence  of  mercuric  oxide  should  carefully  he 
guarded  against,  and  any  change  in  color  from  gray  to  pink  or  red- 
dish, indicating  dangerous  oxidation,  renders  the  article  unfit  for 
use ;  neither  should  mercury  with  chalk  be  dispensed  if  the  color 
has  turned  very  dark  gray  or  blackish,  as  this  shows  excessive  mer- 
<;urous  oxidation.  In  the  official  test,  mercurous  oxide  is  detected 
by  precipitation,  as  calomel  by  hydrochloric  acid,  while  the  mermric 
oxide  is  converted  into  mercuric  chloride,  and  is  then  precipitated 
either  as  mercuric  sulphide  by  hydrogen  sulphide,  or  as  calomel 
{being  afterward  reduced  to  metallic  mercury)  by  stannous  chloridf. 

Ammoniated  Mercury.  NH2HgCI. — This  compound,  better 
known  as  white  precipitate,  is  prepared  by  pouring  a  solution  of  Ble^ 
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curie  chloride  slowly,  with  constant  stirring,  into  ammonia  water, 
when  the  following  reaction  occurs :  HgCl2  +  2NH4OH  =  NH^gCI 
+  NH4CI  +  2H2O.  The  Pharmacopoeia  directs  a  solution  of  100 
Gra.  of  mercuric  chloride  in  2000  Cc.  of  distilled  water,  which, 
after  filtration  to  remove  any  calomel  present,  is  added  to  150  Cc. 
of  10  per  cent,  ammonia  water ;  both  liquids  are  used  cold,  and  the 
resulting  precipitate  is  washed  with  400  Cc.  of  cold  water  to  which 
20  Cc.  of  ammonia  water  have  been  added.  Finally,  the  precipi- 
tate is  dried  in  a  dark  place  at  a  temperature  not  exceeding  80^  C. 
(86°  F.).  These  specific  directions  are  for  the  purpose  of  avoiding 
the  formation  of  a  basic  yellow  compound,  NH2(Hg20)Cl,  which  is 
Jikely  to  occur  on  exposure  to  light  or  heat,  and  even  excessive 
washing  with  plain  water. 

The  constitution  of  ammoniated  mercury  may  be  explained  in  two 
different  ways.  The  simplest  way  is  to  consider  it  as  mercuric  chlo- 
ride in  which  an  atom  of  chlorine  has  been  replaced  by  the  amido 
group  NHj,  and  in  that  case  the  name  mercuric  chloramide  will  be 
appropriate;  the  other  view  is  that  the  compound  is  derived  from 
ammonium  chloride  by  replacement  of  two  hydrogen  ^toms  by  a 
bivalent  atom  of  mercury,  as  suggested  by  the  name  mercuric  ammo- 
nium chloride.  The  PharmacQpoeia  requires  that  it  shall  contain  not 
less  than  78  nor  n;iore  than  80  per  cent,  of  mercury,  and  if  the 
process  of  manufacture  has  been  carefully  conducted  about  93  6m. 
of  product  will  be  obtained,  which  will  represent  very  nearly  74  Gm., 
or  79  +  per  cent.,  of  mercury.  . 

Ammoniated  mercury  is  known  also  as  amido-chloride  of  mer- 
cury, and  is  sometimes  prescribed  by  Grerman  physicians  as  hydrar^ 
gynim  amidato-bicldoratum. 

Mild  HercnroTU   Chloride.     HgOl. — This  well-known  salt, 

<x)mmonly  called  calomel,  is  prepared  by  subliming  a  mixture  of 

mercurous  sulphate  and  sodium  chloride  in  proper  proportions.     In 

order  to  obtain  the  product  in  the  form  of  a  sofl,  fine  powder,  the 

vapors  are  conducted  into  a  spacious  chamber  into  which  steam  is 

introduced  simultaneously ;  the  presence  of  aqueous  vapor  also  frees 

the    sublimate  fft>m   mercuric   chloride,  some  of  which  is  always 

formed,  by  solution  in   the  condensed  water.     Thus  obtained,  the 

product  is  known  as  hydrosublimed  calomel  and  is  recognized  in  the 

Oerman  Pharmacopoeia  as  hydrargyrum  chloratum  tsapore  paratum. 

When  mercurous  chloride  is  sublimed  without  steam   it  becomes 

necessary  to  reduce  the  crystalline  sublimate  to  fine  powder  and  wash 

it  thoroughly  with  water  until  the  washings  are  no  longer  affected 

hv  ammonia  water  or  ammonium  sulphide,  showing  the  complete 

removal  of  mercuric  chloride. 

The  mercurous  sulphate  used  in  the  above  process  is  made  by 
moistening  mercuric  sulphate  with  water,  adaing  an  equivalent 
amount  of  mercury  (198.6  parts  for  293.85  parts  of  mercuric  sul- 
phate), and  triturating  the  mixture  until   all  globules  of  mercury 
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disappear.  The  reaction  between  mereurous  sulphate  and  sodium 
chloride  when  heated  together  is  shown  by  the  following  equation: 
HgjSO,  +  2NaCl  =  2HgCl  +  Na^,. 

In  France  very  finely  divided  calomel,  prepared  by  precipitation, 
as  directed  by  the  Pharmacopoeia  of  that  country,  is  known  as  fr^ 
cipiU  blanCy  which,  translated,  means  white  precipitate;  care  is 
necessary  not  to  confound  this  with  ammoniated  mereaiy,  known 
in  this  country  as  white  precipitate,  when  dispensing  FreDcb  pre- 
scriptions. 

The  appearance  of  calomel  depends  largely  upon  the  deme  of 
n^hanical  division ;  while  usually  white,  the  finer  the  powder  the 
more  yellowish  the  tint.  When  exposed  to  light  it  gradually  under- 
goes decomposition  and  assumes  a  grayish  color,  mercuric  chloride 
being  formed,  with  the  elimination  of  mercury. 

Calomel  has  sometimes  been  prescribed  by  continentid  physicians 
under  the  names  ^^  aquila  alba  "  and  '^  mercurius  dulcis." 

Yellow  Mereurous  Iodide.    Hgl. — The  ofiicial  process  for  the 
preparation  of  mereurous  iodide  involves  two  distinct  steps.    First, 
mereurous  nitrate  is  made  by  treating  50  Gm.  of  mercury  with  a 
mixture  of  20  Cc.  each  of  nitric  acid  and  water,  in  a  dare  place, 
until  reaction  ceases  and  a  little  mercury  remains  undissolved ;  the 
salt  separates  in  the  form   of   crystals  having    the    composition 
HgNOj  +  H,0,  which  are  drained  and  dried  on  paper  in  the  dark. 
40  Gm.  of  the  crystallized   mereurous  nitrate  are  then  dissolved 
in  650  Cc.  of  distilled  water  acidulated  with  6  Cc.  of  nitric  acid, 
and  to  this   solution  is  added,  slowly  and  with  constant  stirring, 
a  solution  of  16   Gm.  of  potassium   iodide  in  32  Cc.  of  water» 
when  the  following  reaction  occurs :  (HgNO,  +  H,0)  +  K I  =  Hgl  ^ 
KNO3+  HjO.     The  precipitate  is  washed  with  10  successive  por- 
tions of  600  Cc.  each  of  distilled  water  to  remove  all  potassiium 
nitrate  and  free  acid,  and  lastly  dried  on  paper  in  the  dark,  at  a 
temperature  not  exceeding  40°  C.  (104®  F.). 

The  addition  of  nitric  acid  is  made  to  prevent  the  formation  of  a 
basic  compound,  which  might  otherwise  occur ;  it  is  also  important 
that  the  potassium  iodide  be  added  to  the  mereurous  nitrate,  lest,  bv 
a  reversal  of  the  process,  mercuric  salt  be  formed,  which  enters  into 
solution  as  potassium  mercuric  iodide,  while  mercury  is  precipitatali 
a  reaction  well  known  to  occur  between  alkali  iodides  and  merron'itf 
iodide,  and  illustrated  by  the  equation  2HgI  +  2KI  =  (Kgl.  - 
2KI)  +  Hg. 

Mereurous  iodide  must  carefully  be  protected  from  light,  is  it 
readily  undergoes  decomposition.  The  color  of  the  salt  wnen  puiv 
is  bright  yellow ;  hence  all  preparations  of  a  green  or  greenish- 
yellow  color  must  be  looked  upon  as  impure,  the  latter  colors  brine 
due  to  admixture  of  metallic  mercury,  which  in  a  finely  dividw 
state  is  blue,  and  consequently  causes  a  greenish  mixture  with  tie 
pure  yellow  salt. 
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Much  green  iodide  of  mercury  is  still  sold  by  manufacturers, 
having  been  recognized  in  the  PharmaoopcBias  of  1870  and  1880, 
bat  its  production  is  due  to  a  faulty  process  of  preparation.  When 
mercury  and  iodine,  or  mercury  and  mercuric  iodide,  are  triturated 
together,  yellow  mercurous  iodide  is  formed  with  variable  propor- 
tions of  mercuric  iodide,  some  of  the  mercury  remaining  uncombmed 
in  a  finely  divided  form ;  upon  subsequent  washing  with  alcohol  the 
mercuric  iodide  is  removed,  leaving  the  insoluble  mercurous  salt 
intimately  mixed  with  finely  divided  mercury,  and  of  a  green  color. 
Similar  results  are  likely  to  occur  if  mercurous  iodide  be  precipitated 
from  strong  neutral  solutions  of  mercurous  nitrate  by  means  of 
potassium  iodide;  hence  the  Pharmacopoeia  directs  a  dilute  acid 
solution. 

Mercurous  iodide  has  been  associated  with  syrup  of  ferrous 
iodide  in  prescriptions,  but  such  mixtures  are  incompatible,  metallic 
mercury  being  deposited,  a  reaction  similar  to  that  explained  above 
taking  place,  and  mercuric  iodide  held  in  solution  by  the  ferrous 
iodide. 

OorroBive  Hercnric  Ohloride.  HgCI,. — This  compound,  more 
familiarly  known  as  corrosive  sublimate,  is  obtained  by  sublimation 
of  an  intimate  mixture  of  mercuric  sulphate  and  sodium  chloride, 
both  in  the  form  of  powder.  Mercuric  chloride  is  formed  as 
the  result  of  mutual  decomposition ;  thus,  HgS04  +  2NaCl  = 
HgClj  +  Na^SO^.  The  heat  necessary  for  the  process  is  likely  to 
decompose  some  of  the  mercuric  sulphate,  with  the  formation  of 
mercurous  chloride,  which  is  volatilized  and  sublimed  along  with 
the  mercuric  salt  The  British  Pharmacopoeia  directs  the  addition 
of  a  small  portion  of  manganese  dioxide  to  the  mixture  before 
subliming  it,  for  the  purpose  of  preventing  the  formation  of  mer* 
curous  salt. 

Commercial  mercuric  chloride  occurs  in  heavy  crystalline  masses, 
and  is  usually  contaminated  somewhat  with  calomel ;  hence  perfectly 
clear  solutions  can  rarely  be  obtained,  even  with  distilled  water.  For 
dispensing  purposes  only  the  chemically  pure  article  obtained  by 
recrystallization  should  be  used. 

Aqueous  solutions  of  mercuric  chloride,  if  exposed  to  light, 
gradually  undergo  decomposition,  liberating  hydrochloric  acid  and 
depositing  calomel.  The  presence  of  ammonium  chloride,  however, 
prevents  the  change. 

The  pharmacopoeial  test  for  the  presence  of  arsenic  in  mercuric 
chloride  depends  upon  the  solubility  of  arsenic  sulphide  in  ammonia 
water  and  its  subsequent  detection  by  the  Gutzeit  test,  mercuric 
sulphide  being  insoluble  in  ammonia  water. 

Bed  Mercuric  Iodide.  Hgl,. — This  salt  is  prepared  by  mutual 
decomposition  between  mercuric  chloride  and  potassium  iodide,  the 
official  directions  being  to  pour  a  solution  of  40  Gm.  of  the  former 

37 


S78  PHARMACEUTICAL  CHEMISTRY. 

salt  and  a  solution  of  50  Gm.  of  the  latter,  simiiltaneouslj,  into  a 
large  volume  of  water,  with  active  stirring,  when  the  following  reac- 
tion occurs :  HgCl^  +  2KI  =  Hgl,  +  2KC1.  The  official  formula 
employs  the  two  salts  very  nearly  in  the  proportion  indicated  in  the 
foregoing  eauation,  which  are  4  and  4.9  +,  respectively ;  an  excess 
of  either  salt  must  be  avoided,  since  loss  by  formation  of  a  soluble 
compound  would  result,  an  excess  of  potsissium  iodide  producing 
potassium  mercuric  iodide  (Hglj  +  2KI)  and  an  excess  ot  mercuric 
chloride  causing  the  formation  of  mercuric  iodochloride  (Hgl,  - 
2HgCl,  or  H^jf^CI,). 

Mercuric  iodide  is  dimorphous,  occurring  crystallized  both  in 
the  form  of  scarlet-red  quadratic  octahedra  and  yellow  rhombic 
prisms,  but  the  Pharmacopoeia  recognizes  the  salt  only  in  the  form 
of  an  amorphous  scarlet-red  powder,  which  is  obtained  by  tW 
official  method  of  preparation.  When  exposed  to  light,  mercuric 
iodide  gradually  becomes  paler  in  color,  and  should  therefore  lie 
preserved  in  dark  bottles.  It  is  soluble  in  solutions  of  metallic 
iodides  and  sodium  thiosulphate,  as  well  as  alcohol,  olive  oil,  castor 
oil,  chloroform,  glycerin,  and  glacial  acetic  acid,  forming  colorless 
solutions  in  each  case. 

Yellow  Mercuric  Oxide.  HgO. — The  official  formula  for  the 
preparation  of  this  compound  directs  that  a  strong  solution  of  l^^^ 
Gm.  of  mercuric  chloride  be  poured  slowly,  with  constant  stirrinf, 
into  a  dilute  solution  of  40  Gm.  of  90  per  cent,  sodium  hydroxide; 
amorphous  mercuric  oxide  is  precipitated,  while  sodium  chloride 
enters  into  solution.  The  mixture  is  allowed  to  stand  at  a  modeTaie 
temperature  for  an  hour,  to  facilitate  complete  decomposition,  after 
which  the  liquid  is  decanted  and  the  precipitate  repeatedly  washed 
until  free  from  alkali,  drained,  and  dried  on  paper,  in  a  dark  place, 
at  a  temperature  of  30°  C.  (86°  F.). 

Mercuric  salts  do  not  form  hydroxides  when  added  to  alkal: 
hydroxides,  but  mercuric  oxide  is  precipitated  instead,  as  shown  by 
the  equation  HgClj  +  2NaOH  =  HgO  +  2Naa  +  H,0.  It  i^ 
important  that  the  alkali  be  used  in  excess,  otherwise  a  dark-coloreii 
oxychloride  will  be  formed ;  hence  the  mercuric  chloride  solution  i* 
poured  into  the  alkali  solution  in  the  official  process.  From  theabov^ 
equation  it  will  be  seen  that  1  molecule  (or  268.86  parts)  of  mercuric 
chloride  requires  2  molecules  (or  79.52  parts)  of  sodium  hydroDdt* 
for  complete  precipitation  ;  hence  100  Gm.  HgCl,  will  require  2i*.^ 
Gm.  NaOH ;  official  sodium  hydroxide  containing  90  per  cent.  •>! 
NaOH,  the  necessary  excess  of  alkali  is  assured  in  the  formula  of  tl^ 
Pharmacopoeia,  as  90  per  cent,  of  40  Gm.  is  36  Gm.  It  is  essendai 
that  the  sodium  hydroxide  used  be  free  from  carbonate,  otherwise  mer- 
curic carbonate  will  be  formed.  Potassium  hydroxide  may  be  \3^< 
in  place  of  sodium  hydroxide,  but  ammonia  b  inadmissible,  owing  ^ 
the  formation  of  ammoniated  mercury.  In  order  to  insure  a  biiiT"' 
orange-yellow  product,  heat  and  light  must  be  excluded  during  pn- 
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cipitation  and  drying;  unless  protected  from  light,  the  color  of  the 
oxide  gradually  darkens  on  keeping,  and  if  exposed  to  direct  sun- 
light decomposition  rapidly  occurs. 

Yellow  mercuric  oxide,  being  in  a  state  of  very  fine  division,  is 
more  active  and  more  sensitive  than  the  red  oxide ;  it  is  chemicaJly 
identical  with  the  latter,  but  differs  from  it  in  the  molecular  arrange- 
roent  of  its  particles,  being  devoid  of  all  crystalline  structure. 
When  digested  with  a  solution  of  oxalic  acid,  yellow  mercuric  oxide 
forms  white  mercuric  oxalate,  while  the  red  oxide  remains  unaf- 
fected. 

Bed  Mercnric  Oxide.  HgO. — Although  the  name  '^  red  pre- 
cipitate ^'  is  commonly  applied  to  this  compound,  it  is  never  obtained 
by  precipitation,  but  ahvays  by  calcination.  As  a  rule,  mercuric 
nitrate  is  triturated  with  metallic  mercury  until  the  latter  is  extin- 
guished ;  the  mixture  is  then  heated  in  a  porcelain  dish  until  yel- 
lowish or  reddish  vapors  cease  to  be  evolved  and  mercuric  oxide 
remains.  The  metallic  mercury  is  oxidized  at  the  expense  of  the 
nitric  acid  expelled  from  the  mercuric  nitrate,  and  the  process  may 
be  illustrated  by  the  following  equation :  2Hg(N03),  +  Hg,  =  4HgO 
+  4XO2. 

Red  mercuric  oxide  occurs  as  a  crvstalline  powder  or  in  crystal- 
line scales  of  an  orange-red  color,  ana  by  trituration  with  alconol  is 
gradually  converted  into  a  yellowish-red  powder.  When  exposed 
to  light,  it  darkens  in  color,  but  more  slowly  than  the  yellow  oxide, 
^nd,  unlike  the  latter,  it  is  not  affected  by  hot  solution  of  oxalic 
acid. 
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Solution  of   Hercniic  Nitrate. — An  acid   liquid  containing 
about  60  per  cent,  of  mercuric  nitrate  and  about  11  per  cent,  of 
free  nitric  acid.     This,  the  only  fluid  preparation  of  mercury  offi- 
cially recognized,  is  made  by  solution  of  40  Gm.  of  mercuric  oxide 
in  a  mixture  of  45  Gm.  of  nitric  acid  and  15  Gm.  of  water.   Accord- 
ing to  the  equation  3HgO  +  8HNO,  =  3Hg(N05)2  +  2NO  +  4HjO, 
643.14  parts  of  mercuric  oxide  require  500.56  parts  of  absolute 
nitric  acid  to  form  964.92  parts  of  mercuric  nitrate ;  hence  40  Gm. 
will  reauire  31.13  Gm.  of  absolute,  or  45.78  Gm.  of  official,  nitric 
acid  ana  will  yield  60.32  Gm.  of  the  salt.     Moderate  dilution  of  the 
acid  with  water  is  advantageous,  facilitating  the  solution  of  the 
newly  formed  salt. 

This  very  corrosive  preparation,  rarely  used,  and  then  only  for 
external  application,  requires  great  care  in  handling.  It  is  also 
known  by  the  name  acid  nitrate  of  mercury,  and  is  the  densest 
solation  of  the  Pharmacopoeia,  having  a  specific  gravity  of  2.086  at 
25^  C.  (77°  F.). 

Among  the  non-official  compounds  of  mercury  of  interest  to  the 
pharmacist,  the  following  may  be  mentioned : 
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MercuroTU  Tannate. — This  compound  is  prepared  by  tritant- 
ing  freshly  prepared  and  finely  powdered  mercurous  nitrate  with  a 
mixture  of  tannin  and  water  until  a  homogeneous  smooth  mass  is 
obtained.  The  mass  is  mixed  with  a  large  volume  of  water,  and 
the  green  precipitate  is  washed  with  water  until  no  trace  of  m\nc 
acid  remains,  after  which  it  is  dried  on  porous  tiles  at  a  temperature 
not  exceeding  40°  C.  (104°  F.). 

Hercuric  Carbolate  or  Phenate. — Of  the  two  prepantioDs 

occurring  under  this  name,  the  so-called  normal  mercuric  pheoate, 
or  mercuric  diphenate,  Hgj^CgHjO),,  should  be  dispensed,  being  i 
stable  preparation.  It  is  obtained  by  mixing,  with  constant  stirring, 
an  alcoholic  solution  of  mercuric  chloride  with  an  alcoholic  soludoo 
of  carbolic  acid  and  potassium  hydroxide,  draining  the  yettomsh- 
colored  precipitate,  washing  it  with  hot  water  acidulated  with  acetic 
acid,  and  recrystallizing  from  hot  alcohol. 

Mercuric  Salicylate.     HgOOTH^O,  or  OAOOOOHg.--TbU 

salt  may  be  prepared  by  adding  salicylic  acid  to  freshly  precipitated 
mercunc  oxide  rubbed  into  a  smooth  paste  with  water  and  heating 
the  mixture  on  a  water-bath  until  a  snow-white  mass  remains,  free 
from  a  yellow  tint,  which  is  then  washed  with  warm  water  to  remove 
excess  of  acid,  drained  and  dried.  The  resulting  amorphoos 
product  constitutes  secondary  or  basic  mercuric  salicylate,  whicb  is 
the  salt  generally  employed.  Normal  mercuric  salicylate,  Hg(CyHjO^ 
or  (CeH4(OH)COO)jHg,  can  be  obtained  by  precipitating  a  solution 
of  mercuric  chloride  with  sodium  salicylate  in  the  cold ;  the  result- 
ing product  is  readily  decomposed  by  heat. 

Mercnric  Sulphate.  HgSO^. — This  salt,  which  has  been  men- 
tioned in  connection  with  mercurous  and  mercuric  chloride,  raav  be 
prepared  either  by  the  process  mentioned  under  the  latter  sah  or  by 
heating  mercury  with  sulphuric  acid  and  evaporating  the  mixture  t" 
dryness,  when  a  crystalline  product  will  be  obtained ;  water  and 
sulphur  dioxide  are  eliminated  during  the  operation. 


CHAPTER    LI. 


THE  COMPOUNDS  OF  ANTIMONY,  ARSENIC,  AND  BISMUTH. 

While,  at  one  time,  the  preparations  of  antimony  formed  an 
important  part  of  the  physician's  armamentarium,  they  are  but 
rarely  prescribed  at  the  present  time ;  those  of  arsenic  and  bismuth, 
however,  are  still  looked  upon  as  valuable  remedial  agents.  The 
Pharmacopoeia  recognizes  1  chemical  compound  and  1  pharma- 
ceutical preparation  of  antimony,  2  compounds  of  arsenic,  besides 
4  arsenical  solutions  and  6  compounds  of  bismuth,  as  shown  by  the 
following  list : 


Official  English  Name. 
Antimooj  and  PotaBsium  Tartrate, 
Wine  of  Antimonj, 

ArseDous  Iodide, 

Anenic  Trioxide, 

Solution  of  Araenous  Acid, 

Solution  of  Arsenous  and  Mercuric  Iodides, 

Solution  of  Potatfdum  Arsenite, 

Solution  of  Sodium  Arsenate, 

Bismuth  Citrate, 

Bismuth  and  Ammonium  Citrate, 

Bismuth  Subcarbonate, 

Bismuth  Subgallate, 

Bismuth  Subnitrate, 

Bismuth  Subsalicylate, 


Official  Latin  Name. 

Antimonii  et  Potaasii  Tartras. 
Vinum  Antimonii. 

Arseni  lodidum. 

Arseni  Trioxidum. , 

Liquor  Acidi  Aneriosi. 

Liquor  Arseni  ^  Hydraigyri  lodidi. 

Liquor  Potassii^Arsenitis. 

LiqUDT  Sodii  Arsenatis. 

Bismuthi  Citras. 
Bismuthi  et  Ammonii  Citras. 
Bismuthi  Subcarbonas. 
Bismuthi  Subgallas. 
Bismuthi  Subnitras. 
Bismuthi  Subsalieylas. 


THE  COMPOUNDS  OF  ANTIMONT. 
Antiinony  and  Potassitim  Tartrate.    2K{SbO)Ofl.fi^  +  H^O. 

— This  salty  which  has  been  known  for  over  two  hundred  and  fifty 
years,  is  prepared  by  boiling  a-  mixture  of  acid  potassium  tartrate 
and  antimonous  oxide  with  water  for  some  time,  filtering  the  liquid, 
concentrating  by  evaporation,  and  crystallizing.  The  British  Phar- 
macopoeia directs  that  a  paste  be  made  of  the  antimonous  oxide, 
cream  of  tartar,  and  a  small  quantity  of  water,  which  is  set  aside 
for  twenty-four  hours  to  allow  combination  to  take  place,  after 
which  more  water  is  added  and  the  mixture  boiled  for  fifteen  minutes, 
to  bring  all  the  newly  formed  double  tartrate  into  solution. 

If  pure  materials  be  used,  the  full  theoretical  yield  is  generally 
obtained ;  but  if  the  antimonous  oxide  be  contaminated  with  oxy- 
chloride,  some  of  the  salt  will  be  lost  by  refusing  to  crystallize  in 
the  acid  liquid.  The  following  equation,  SbjOj  +  2KHC4H40g  = 
*2K(ShO)C^tifi^  +  HjO,  explains  the  formation  of  antimony  and 
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potassium  tartrate,  the  univalent  group  SbO,  known  as  antimonyl^ 
replacing  the  hydrogen  in  the  acid  potassium  tartrate^  water  being 
formed  at  the  same  time. 

The  synonyms  tartar  emetic  and  tartrated  antimony  are  laigelj 
used  for  this  compound,  the  former  being  the  natne  generally  em- 
ployed in  commerce.  The  salt  is  recognized  in  the  British  Pharma- 
copoeia as  antimonium  tartaratum,  and  in  the  German  Phannaoo]xeia 
as  tartarus  stibicUtis.  It  is  generally  sold  in  powder  form,  obtmed 
by  trituration  of  the  crystals.  Aqueous  solutions  of  tartar  emetic 
gradually  develop  fungi,  and  on  that  account  cannot  be  kept  on 
hand  for  any  length  of  time,  nor  can  they  be  mixed  with  stronglv 
alcoholic  liquids  without  precipitation,  as  the  salt  is  totally  insoluble 
in  alcohol. 

The  Pharmacopoeia  requires  almost  absolute  purity  (99.5  per 
cent.)  for  tartar  emetic,  the  valuation  being  ma<le  with  ^  iodine 
solution  in  the  presence  of  sodium  bicarbonate  and  starch  solution. 
The  iodine,  acting  as  an  oxidizing  agent,  converts  the  antimonjl  into 
meta-antimonic  acid,  hydriodic  acid  and  sodio-potaasium  tartrate 
being  also  formed ;  the  object  of  adding  sodium  bicarbonate  is  to 
neutralize  the  two  newly  formed  acids,  thereby  preventing  decompo- 
sition of  the  hydriodic  acid  by  the  meta-antimonic  acid,  which 
would  liberate  iodine  and  thus  vitiate  the  end-reaction.  The 
official  directions  to  b^in  titration  immediately  after  addition  of  the 
sodium  bicarbonate  solution  are  intended  to  prevent  the  separation 
of  antimonous  oxide,  caused  by  action  of  the  alkali  bicarbonate 
on  the  antimony  and  potassium  tartrate,  a  reaction  known  to  occur 
if  the  two  salts  are  kept  together  in  solution  for  some  time.  Tlie 
equation  (2K(SbO)C,H  A  +  H,0)  +  !,  +  SNaHCO,  =  2NaSbO,  - 
4NaI  +  2KNaC4HP6  +  SCO,  +  5H,0  shows  that  each  moleenlelnr 
659.8  parts)  of  crystallized  tartar  emetic  requires  4  atoms  (or  503.6 
parts)  of  iodine  for  complete  oxidation  of  the  antimony  present: 
hence  0.33  Gra.  at  99.5  per  cent,  or  0.32836  Gm.  will  require 
0.25060+  Gra.  of  iodine  or  19.9  Cc.  of  its  tenth-normal  solution, 
for  659.8  :  503.6  : :  0.32835  :  a;  (a:  =  0.25060),  and  0.25060  -  0.012:>9 
=  19.9. 

The  following  compounds  of  antimony  are  no  longer  reoogniapd 
in  the  U.  S.  Pharmacopoeia,  but  are  official  in  the  Bntish  Pharma- 
copoeia, and  therefore  deserving  of  consideration :  antimony  oxiJe. 
purified  antimony  sulphide,  and  sulphurated  antimony. 

Antimony  Oxide.    Antimonous  Oxide.    Antimony  Tiioxide. 

SbjO,. — This  compound  is  obtained  by  first  preparing  a  eolutiou  *>t 
antimony  trichloriae,  obClj,  from  antimonous  sulphide  and  hydr>- 
chloric  acid,  pouring  this  into  water,  whereby  antimony  oxychlom. 
2SbCl3  +  SSbjOj  (known  as  powder  of  Algaroth),  is  precipitatf»l. 
which  is  then  repeatedly  washed  with  wat^r  and  mixed  with  a  ?«'l-- 
tif>n  of  sodium   carbonate,  converting  the  oxychloride  into  pun- 
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oxide,  \vith  elimination  of  carbon  dioxide  and  formation  of  sodium 
chloride ;  thus,  (2SbCls  +  5SbA)  +  3Na,COs  =  6Sb A  +  6NaCl  + 
SCOj.  In  place  of  sodium  carbonate,  ammonia  water  is  frequently 
employed.  After  proper  washing  of  the  oxide  it  is  dried  at  a  tem- 
perature not  exceeding  100°  C.  (212°  F.),  so  as  to  avoid  the  forma- 
tion of  higher  oxides. 

Antimony  oxide  is  used  in  the  manu&cture  of  tartar  emetic  and 
antimonial  powder.  The  latter  preparation  is  official  in  the  British^ 
Pharmacopceia,  and  is  made  by  mixing  1  part  of  antimony  oxide 
thoroughly  with  2  parts  of  calcium  phosphate. 

Purifled  Antimony  Sulphide.  Sb^S,. — Although  the  official 
Latin  name  of  this  compound  is  given  in  the  British  I'harmacopoeia 
as  ArUimonium  Nigrum  Purifieaiumj  the  official  English  name  is 
simply  Antimonous  SiJphide.  It  is  made  by  macerating  finely 
divided  native  antimony  sulphide,  preferably  obtained  by  elutria- 
tion,  for  several  days  in  a  closed  vessel  with  diluted  ammonia  water, 
with  frequent  agitation ;  the  liquid  is  then  decanted  and  the  resi- 
due repeatedly  washed  with  water  and  dried  at  a  gentle  heat. 
Antimonous  sulphide  is  always  associated  with  arsenous  sulphide^ 
which  it  is  intended  to  remove  by  the  treatment  with  ammonia 
water,  wherein  it  is  soluble.  Hager  and  others  suggest  that  am- 
monium carbonate  be  added  to  the  mixture,  after  two  or  three  days' 
maceration,  with  a  view  of  dissolving  less  of  the  antimonous  sul- 
phide, which,  although  soluble  to  some  extent  in  the  ammonia  water^ 
IS  totally  insoluble  in  solution  of  ammonium  carbonate. 

Purified  antimony  sulphide  differs  in  appearance  from  the  crude 
sulphide,  being  a  lustreless  powder  of  dark-gray  or  grayish-black 
color. 

Sulphurated  Antimony. — This  preparation  is  defined  in  the 

British  Pharmacopoeia  to  be  a  mixture  of  antimony  sulphides  and 

oxides  with  some  sulphur.     Commercially  it  is  often  designated  as 

golden  sulphuret  of  antimony  or  golden  sulphury  and  is  recognized 

in  the  German  Pharmacopceia  as  stibium  sulphuratum  aurantiacum, 

the  German  name  being  Goldschwefdf  which  is  identical  with  golden 

sulphur.    Sulphurated  antimony,  as  recognized  abroad,  is  not  identical 

witti  the  sulpnurated  antimony  or  Kermes  Mineral,  formerly  official 

in  our  Pharmacopceia.     The  directions  for  its  manufacture  are  to  boil 

for  two  hours  a  mixture  of  purified  antimony  sulphide  and  sulphur 

with  solution  of  sodium  hydroxide,  whereby  sodium   sulphide  is 

formed   which,   reacting   with   sulphur   and   antimonous   sulphide, 

yields  sodium  sulphantimonate,  a  compound  known  as  Schlippe's 

Salt — ^thus,  SbjSj  +  S,  -|-  SNa^S  =  2Na3ttbS4 ;  some  antimonous  oxide 

is  also  formed  by  action  of  the  alkali  and  remains  mixed  with  the 

other  precipitate  obtained  when  diluted  sulphuric  acid  is  added  to 

the  solution  of  sodium  sulphantimonate,  which  consists  almost  wholly 

of  antimony  pentasulphide ;  the  resulting  hydrogen  sulphide  escapes. 
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and  sodium  sulphate  remains  in  solution^  as  shown  by  the  equatioa 
2Na3SbS,  +  3H^4  =  Sh^S,  +  3H^  +  3Na^^.  The  presence  of 
antimony  trisulghide  is  due  to  possible  formation  of  sodium  sol- 
phantimonite  during  the  boiling  of  the  alkaline  mixture^  and  b 
subsequent  decomposition  by  the  acid. 

THE  OOMPOX7ND8  OF  ARSENIC. 

Anenons  Iodide.  Aal,. — Arsenic  is  capable  of  forming  seveni 
compounds  with  iodine,  of  which,  the  one  indicated  by  the  above 
formula  and  more  particularly  known  as  arsenic  triiodide,  is  alone 
recognized  in  the  Pharmacopoeia.  It  may  be  obtained  by  fosiog,  in 
a  loosely  stoppered  test-tube  or  bottle,  a  mixture  of  4  Gm.  of  metallic 
arsenic  and  20  Gm.  of  iodine,  and  pouring  the  melted  mass  on  a 
porcelain  slab  to  cool.  Some  manufacturers  prefer  to  make  it  by 
adding  finely  powdered  metallic  arsenic  to  a  solution  of  iodine  in 
carbon  disulphide  until  all  color  of  iodine  has  disappeared,  then  con- 
centrating and  crystallizing  the  solution. 

In  the  official  test,  demanding  that  not  less  than  21.9  Cc.  of  -^ 
iodine  solution  shall  be  required  to  impart  a  slight  yellow  color  to  a 
solution  of  0.5  Gm.  of  arsenous  iodide  and  2  Gm.  of  sodium  bicar- 
bonate in  50  Cc.  of  water,  it  is  but  proper  to  assume  that  the  arsenous 
iodide,  well  known  to  be  rather  unstable,  is  decomposed  with  the 
formation  of  sodium  ari^nite  and  sodium  iodide,  as  shown  bv  the 
equation  Asl,  +  5NaHCO,  =  3NaI  +  Na,H AsO,  +  5CX),  -4-  2ll,0 ; 
this  being  the  case,  the  titration  vrith  iodine  solution  is  analo^os 
to  that  of  solution  of  potassium  arsenite.    The  reaction  Na^AsO,  -^ 
I,  +  H,0  =  Na^As04  -f  2HI  indicates  that  each  molecule  of  sodiam 
arsenite,  corresponding  to  1  atom  of  metallic  arsenic,  rrauires  2  atoms 
of  iodine  for  complete  oxidation,  and  hence  each  Cc.  of  jj^  iodine  solu- 
tion, representing  0.01259  Gm.ofiodine,  corresponds  to  0.003726m. 
of  metallic  arsenic,  for  251.8  :  74.4 : :  0.01259  : 0.00372.   If  21.9  Cc  of 
iodine  solution  are  required  for  the  0.5  Gm.  of  arsenous  iodide,  these 
will  correspond  to  21.9  X  0.00372  or  0.081468  Gm.  of  metallic 
arsenic,  which  is  equivalent  to  16.29  -»-  per  cent,  of  the  0.5  Gm. 
of  arsenous  iodide  taken,  as  required  by  the  Pharmacopoeia.    In 
the  official  test  each  Cc.  of  -^  iodine  solution  used  will  represent 
0.744  per  cent,  of  metallic  arsenic. 

Arsenous  iodide  must  be  carefully  protected  from  air  and  light, 
otherwise  it  imdergoes  decomposition,  losing  iodine  and  becoming 
insoluble  in  water.  Its  aqueous  solution  gradually  changes,  arsenous 
and  hydriodic  acids  being  formed.  The  diief  use  made  of  the  com- 
pound is  in  the  preparation  of  the  official  solution  of  arsenous  and 
mercuric  iodides,  also  known  as  Donovan's  Solution. 


Arsenic  Trioxide.  ASjO,. — This  compound  has  been  known  for 
centuries,  and  although  it  is  still  designatea  asarsenons  acid  by  some 
Pharmacopoeias,  the  names  arsenic  trioxide,  or  arsenous  anhydride, 
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seem  more  Id  conformity  with  its  true  character,  since  the  dry  sub- 
stance evinces  no  acid  properties  whatever,  and  shows  only  a  feeble 
acid  reaction  even  when  dissolved  in  water.  It  is  obtained  chiefly 
as  a  by-product  in  the  roasting  of  tin,  cobalt,  and  nickel  ores,  and  is 
subsequently  purified  by  sublimation. 

Arsenic  trioxide  occurs  in  two  distinct  varieties,  an  amorphous^ 
vitreous  (glass-like)  form  and  a  crystalline,  opaque,  porcelaiu-like 
variety,  the  former  being  gradually  converted  into  the  latter  upon 
exposure  to  moist  air.  The  solubility  of  the  two  varieties  in  water 
differs  materially,  the  vitreous  being  nearly  three  times  as  soluble 
as  the  porcelain-like  variety,  but  the  solubility  of  both  is  increased 
by  the  presence  of  hydrochloric  acid  or  alkali  hydroxides  and  car- 
bonates, alkali  arsenites  being  formed  in  the  last  two  cases.  When 
arsenic  trioxide  is  dissolved  in  water  arsenous  acid  is  formed  ;  thus, 
AsjOj  +  3H,0  =  2H,As03,  which,  however,  cannot  be  isolated,  as 
upon  evaporation  of  the  solution  arsenic  trioxide  is  again  obtained. 
While  alcohol  exerts  but  a  slight  solvent  effect  on  either  variety, 
glycerin  will  dissolve  about  one-fifth  of  its  weight  of  both,  aeain 
depositing  a  portion  however  upon  dilution  with  water,  and  oil  of 
turpentine  dissolves  the  vitreous  but  not  the  opaque  variety. 

Although  the  synonym  white  arsenic  is  frequently  applied,  it  should 
be  borne  in  mind  that  the  commercial  product  in  powder  form,  known 
as  white  arsenic,  is  often  impure  and  unfit  for  pharmaceutical  pur- 
poses. Arsenic  trioxide  should  never  be  purchased  in  powder  form, 
except  in  bottles  bearing  on  the  label  the  name  of  some  reputable 
manufacturer  or  dealer. 

The  quaKtjr  of  arsenic  trioxide  can  be  readily  ascertained  by  titra- 
tion with  tenth-normal  iodine  solution,  which  converts  arsenous  into 
arsenic  acid.     The  Pharmacopoeia  requires  that  official  arsenic  trioxide 
shall  contain  not  less  than  99.8  per  cent,  of  AsjO, ;  0.1  Gm.  dis- 
solved in  20  Cc.  of  water  together  with  1.0  Gm.  of  sodium  bicar- 
bonate should  decolorize  at  least  20.8  Cc.  y^  iodine  solution,  the  fol- 
lowing reaction  taking  place  :    AsjO.,  +  SNaHCOg  +  I4  +  2H2O  = 
SXa^AsO^  +  4NaI  +  SCOj  +  SH^O.       Since   1   molecule    (or 
196.68  parts)  of  arsenic  trioxide  requires  4  atoms  (or  608.6  parts)  of 
iodine  lor  complete  oxidation,  each  Cc.  of  ^  iodine  solution  must 
correspond  to  0.004911  Gm.  A&fi^,  and  20.3  Cc.  equal  0.0996933 
Gm.,  which  is  99.7  per  cent,  of  0.1  Gm.      The  addition  of  sodium 
bicarbonate  is  made  for  the  purpose  of  neutralizing  the  acids  formed, 
thus  preventing  the  constant  liberation  of  iodine  through  decomposi- 
tion of  the  hydriodic  acid  by  the  arsenic  acid. 

The  official  method  of  determining  the  purity  of  arsenic  trioxide 
is  not  very  desirable  on  account  of  the  long  time  required  to  effect 
perfect  solution  of  the  arsenic  trioxide  in  the  presence  of  sodium 
bicarbonate,  and  should  be  modified  by  adding  to  the  hot  mixture 
of  arsenic  trioxide  and  water  small  portions  of  a  10  per  cent. 
solation  of  sodium  hydroxide  until  solution  is  complete,  after  which 
the  liquid  is  exactly  neutralized  by  means  of  normal  sulphuric  acid. 
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20  Cc.  of  a  saturated  solution  of  sodium  bicarbonate  mav  tlien  be 
added  and  the  titration  with  iodine  carried  out  in  the  usual  manner. 

Solution  of  Anenons  Add. — This  is  simply  a  solution  of  arsenous 
acid  in  water,  containing  also  6  per  cent,  of  official  diluted  hydro- 
chloric acid,  which  latter  is  addei  solely  to  facilitate  solution  of  the 
arsenous  oxide,  no  chemical  action  taking  place.  Formerly  this  prep- 
aration was  called  solution  of  chloride  oi  arsenic,  under  a  false  im- 
pression; arsenous  chloride,  As,Cl^  can  be  obtained  by  treatinf 
arsenic  trioxide  with  strong  hydrochloric  acid,  but  upon  being  dis- 
solved in  water  it  is  again  split  up  into  the  compounds  from  woidit 
was  made. 

The  Pharmacopoeia  requires  that  the  solution  shall  oontain  in 
every  Cc.  0.010  Gm.  of  official  arsenic  trioxide  as  arsenous  add  (cor- 
responding to  about  4.57  grains  in  every  fluidounoe),  which  is  deter- 
mined by  titration  with  -^  iodine  solution,  as  in  the  case  of  the 
valuation  of  arsenic  trioxide.  24.6  Cc.  of  the  official  solution,  ood- 
tainine  0.2455  Gm.  of  absolute  AS2O3  (1  Gm.  of  99.8  per  cent,  arsenic 
trioxide  in  100  Cc.)  will  require  not  less  than  50  Cc.  y^  iodine  solu- 
tion, each  Cc.  of  which  corresponds  to  0.004911  Gm.  A&fi^  for 
complete  oxidation.  The  reaction  has  been  fully  explained  in  the 
preceding  article. 


Solution  of  Arsenoiui  and  Mercuric  Iodides. — Red  mercuric 

iodide,  which  alone  is  almost  insoluble  in  water,  becomes  soluble  in 
the  presence  of  arsenous  iodide,  and  in  preparing  the  above  solutioo 
the  two  iodides  are  triturated  together  and  then  mixed  with  water, 
when  solution  readily  takes  place.  It  is  important  that  the  araenoos 
iodide  \ye  of  good  quality,  otnerwise  an  insoluble  residue  will  remain. 
The  solution  contams  in  every  Cc.  0.010  Gm.  each  of  arsenous  and 
mercuric  iodides  (corresponding  to  about  4.67  grains  of  each  in  every 
fluidounce),  and  should  be  preserved  in  small,  well-stoppered  viak, 
in  a  dark  place,  as  it  is  prone  to  decompose.  When  Ireshly  made^ 
it  is  of  a  f^de  straw-color,  and,  if  this  changes  to  reddish  or  red, 
iodine  has  been  liberated,  and  the  solution  should  not  be  dispensed. 
This  preparation  is  better  known  as  Donovan's  Solution,  and  Iras' 
at  one  time  considered  a  valuable  remedial  agent,  but  is  little  u^ed 
at  present  On  account  of  the  powerful  action  of  arseDons  and 
mercuric  iodides  this  solution  was  formerly  called  by  some  physicians 
The  Three  Samsons  of  iledUdne, 

Solution  of  Potassium  Arsenite. — This  preparation,  populariv 
known  as  Fowler's  Solution,  is  probably  the  most  erteosivelv 
employed  of  all  arsenical  compounds.  It  is  made  by  heating  arsenic 
trioxide  and  potassium  bicarbonate  with  a  small  quantity  of  water 
until  perfect  solution  has  been  effected,  which  when  cold  is  dilated 
with  water,  and  compound  tincture  of  lavender  added.  The  use  (^ 
a  small  quantity  of  water  is  favorable  to  chemical  union  bet^reen  the 
alkali  and  feeble  acid.     The  exact  nature  of  the  compound  in  sola- 
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tion  is  somewhat  in  doubt,  some  authorities  believing  that  when  one 
molecule  of  arsenic  trioxide  and  four  molecules  of  acid  potassium 
carbonate  are  brought  together  with  water,  as  in  the  official  process^ 
secondary  potassium  ortho-arsenite,  KjHAsOj,  is  formed  according 
to  the  equation  A&jO,  +  4KHCO3  =  2K2HASO3  +  400^  +  Hjd ; 
others  claim  that  primary  potassium  ortho-arsenite,  KHjAsOj,  is  pro- 
duced ;  while  still  others  assert  that  potassium  meta-arsenite,  KAsO.^, 
only  is  fonned,  as  in  the  preparations  of  the  British  and  German 
Pharmacopoeias  made  with  equal  weights  of  arsenic  trioxid^  and 
normal  potassium  carbonate. 

The  solution  is  most  conveniently  prepared  in  a  small,  long-neck 
flask,  whereby  the  evaporation  of  water  is  materially  lessened  ;  the 
dilution  should  not  be  made  until  the  liquid  is  cold.  Solution  of 
potassium  arsenite  is  likely  to  develop  fungi  in  the  course  of  time^ 
and  if  an  excess  of  alkali  be  present,  as  in  the  British  and  German 
preparations,  the  arsenous  acid  is  gradually  converted  into  arsenic 
acid ;  it  is  better,  therefore,  not  to  keep  the  solution  on  hand  in  large 
quantities.  While  the  preparations  of  the  United  States  and  British 
Pharmacopoeias  are  colored  reddish  by  the  compound  tincture  of 
lavender  added,  those  of  the  German  and  French  Pharmacopceias  are 
colorless.  The  term  liquor  arsenicalis  is  officially  used  in  Great 
Britain  to  designate  this  solution. 

Owing  to  its  very  poisonous  nature.  Fowler's  Solution  should 
never  be  dispensed  without  a  physician's  prescription,  and,  although 
sometimes  called  for  by  the  public,  pharmacists  should  refuse  to  sell 
it,  for  their  own  protection  as  well  as  that  of  others. 

The  official  solution  of  potassium  arsenite  must  contain  1  Gm.  of 
official  arsenic  trioxide  in  combination  in  every  100  Cc.  of  solution,  cor-^ 
responding  to  4.57  grains  in  each  fluidounce,  which  is  determined 
with  iodine  exactly  as  in  the  case  of  solution  of  arsenous  acid. 


Solution  of  Sodium  Arsenate. — An  aqueous  solution  of  sodium 
arsenate,  containing  0.010  Gm.  of  anhydrous  salt  in  each  Cc.  The 
object  of  using  anhydrous  sodium  arsenate  is  to  insure  uniformity  of 
strength  in  the  finished  product,  as  the  commercial  salt  may  contain 
variable  proportions  of  water  of  crystallization  (see  page  502) ;  the 
temperature  used  for  desiccation  should  not  be  carried  beyond  149^ 
C.  (300^  F.),  in  order  to  avoid  changing  the  sodium  ortho-arsenate 
into  pyro-arsenate. 

This  preparation  is  not  identical  with  Pearson's  Arsenical  Solu- 
tion,, recognized  in  the  French  Pharmacopoeia,  and  prepared  by  dis- 
solving 1  part  of  crystallized  sodium  arsenate  in  600  parts  of  water. 
As  Pearson's  Solution  is  sometimes  prescribed  in  this  country,  it 
should  be  borne  in  mind  that  the  solution  of  sodium  arsenate  of 
the  United  States  Pharmacopoeia  is  about  ten  times  as  strong  as 
the  French  preparation  bearing  Dr.  Pearson's  name.  The  National 
Forrmdary  states  that  Pearson's  Solution  may  be  made  by  mixing 
1  volume  of  the  official  solution  of  sodium  arsenate  with  9  volumes 
oi  distilled  water. 
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THE  COMPOUNDS  OF  BISMUTH. 

Bismuth  CStrate.    BieCA^O^  or  03H,(0H)(0OO)3Bi.— This  salt 

is  prepared  by  heating  a  mixture  of  100  Gm.  of  bismuUi  subnitrate 
and  70  Gm.  of  citric  acid,  with  400  Cc.  of  water,  on  a  boiling  water- 
bath,  until  a  drop  of  the  mixture  forms  a  clear  solution  with  ammonia 
water,  after  which  it  is  diluted  with  a  large  volume  of  water,  allowed 
to  subside,  and  re{)eatedly  washed  with  water  by  decantation  until 
free  from  nitric  acid,  and  dried  with  the  aid  of  a  gentle  heat 

The  use  of  a  small  quantity  of  water  is  advantageous  for  the 
complete  conversion  of  the  bismuth  subnitrate  into  citrate;  tie 
reaction  taking  place  may  be  illustrated  by  the  following  equation: 
<BiONO,  +  11,0)  +  (H3C,HA  +  H,0)  =  BiQHA  +  HNO,  + 
3H,0,  which  shows  that  100  Gm.  of  bismuth  subnitrate  require 
68.98  Gm.  of  crystallized  citric  acid  (for  302.23  :  208.5  : :  100 : 
68.98),  which  leaves  a  very  slight  excess  of  citric  acid  in  the  offidai 
formula.  The  composition  of  bismuth  subnitrate  may  differ,  how- 
ever, from  the  formula  assigned  to  it  in  this  reaction  (see  Bismuth 
Subnitrate). 

The  Pharmacopoeia  requires  that  bismuth  citrate  after  ignition 
and  treatment  with  nitric  acid,  shall,  when  again  ignited,  leave  a 
residue  of  bismuth  oxide  amounting  to  not  less  than  58  nor  more  than 
60  per  cent.  As  2  molecules  of  bismuth  citrate  are  capable  of  yield- 
ing 1  molecule  of  bismuth  oxide,  Bi^O,,  the  theoretical  yield  ^uld 
be  58.48  per  cent. 

The  only  use  made  of  the .  normal,  bismuth  citrate  in  pfaarmacj 
is  in  the  manufacture  of  the  soluble  compound  next  mentioned. 

Blamuth  and  Ammonium  Citrate. — The  official  formula  for 
this  preparation  directs  that  ammonia  water  shall  be  gradually  added 
to  a  smooth  paste  made  of  normal  bismuth  citrate  and  twice  its 
weieht  of  water,  until  a  perfect  solution  has  been  effected,  whidi  is 
49tramed,  concentrated  on  a  water-bath  to  a  srvrupy  oonsisteDcy,  vA 
spread  upon  plates  of  glass  to  dry.  A  slignt  excess  of  ammonia 
water  will  be  advantageous  in  order  to  maintain  a  neutral  or  fiuntly 
alkaline  reaction  during  evaporation  of  the  solution,  as  some  ammo- 
nia will  be  lost  and  an  acid  condition  would  cause  precipitation. 

The  exact  composition  of  this  compound  cannot  be  definitely 
stated.  By  some  the  view  is  held  that  by  the  action  of  ammonia 
bismuthous  hydroxide  is  formed,  which  is  held  in  solution  by  the 
ammonium  citrate  simultaneously  produced,  giving  the  salt  the 
composition  indicated  by  the  formula  Bi(OH)5  +  (NH^)5C^H50-  - 
Aq. ;  others  have  suggested  that  the  composition  may  be  expressed 
thus :  BiCgH A  +  NH.OH  +  H,0. 

If  bismuth  and  ammonium  citrate  be  treated  exactly  as  stated 
under  Bismuth  Citrate,  the  Pharmacopoeia  requires  that  the  yield  of 
oxide  shall  not  be  less  than  48  per  cent.,  which  corresponds  VHJ" 
nearly  to  a  salt  having  the  composition  indicated  by  the  first  fonnnla 
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given  above,  the  theoretical  yield  of  which  would  be  46.25  per  cent.^ 
whereas  a  salt  indicated  by  the  second  formula  would  yield  over  51 
per  cent. 

The  scaled  salt  obtained  by  the  official  process  slowly  loses 
ammonia  unless  preserved  in  tightly  stoppered  bottles,  thereby 
becoming  opaque  and  partly  insoluble  in  water.  When  such  a  con- 
dition exists,  the  cautions  addition  of  a  few  drops  of  ammonia 
water  to  the  turbid  mixture  usually  effects  a  perfect  solution,  as  in 
similar  cases  of  the  iron  scale-salts. 

The  British  Pharmacopoeia  recognizes  a  solution  of  bismuth  and 
ammonium  citrate,  which  is  prepared  by  dissolving  40  grains  of 
normal  bismuth  citrate  in  1  fluidounce  of  water  by  means  of  ammo- 
nia. It  is  prepared  as  described  above,  and  is  known  in  England 
also  as  liquor  bismvJthi. 

Bumuth  Sabcarbonate.  Bismuthyl  Oarbonate. — The  first  step 

necessary  in  the  mami&cture  of  this  compound  is  the  preparation  of  a 
solution  of  pure  normal  bismuth  nitrate,  which  is  then  decomposed  by 
means  of  a  cold  solution  of  sodium  carbonate.    When  metallic  bismuth 
is  treated  with  nitric  acid,  a  solution  of  bismuth  trinitrate,  Bi(N03)^  is 
formed,  and  the  arsenic  which  is  almost  invariably  present  in  bis- 
muth is  converted  into  arsenic  acid,  and  combining  with  bismuth 
forms  bismuth  arsenate,  BiAsO^.     In  order  to  rid  the  solution  of 
the  latter  salt  it  is  diluted  with  water  to  incipient  turbidity  and  set 
aside  for  twenty-four  or  thirty-six  hours,  when  nearly  all  the  bis- 
muth arsenate  will  have  been  deposited,  being  less  soluble  than  the 
nitrate ;  by  adding  an  excess  of  ammonia  water  to  the  clear  solution 
all  bismuth  will  be  precipitated  as  bismuthous  hydroxide,  ammo- 
nium nitrate  and  arsenate  remaining  in  solution.     After  washing  the 
precipitate  until  the  washings  are  tasteless,  it  is  redissolved  in  nitric 
acid,  and  the  resulting  solution  of  purified  bismuth  trinitrate  slowly 
added,  with  constant  stirring,  to  a  solution  of  alkali  carbonate,  when 
the    following  reaction   occurs :    2Bi(N03),  +  SNajCO,  +  H,0  = 
(BiO)2C05  +  H,0  +  6NaNO,  +  2OO2.     The  final  precipitate,  con- 
sisting of  basic  bismuth  carbonate,  is  thoroughly  washed  with  water 
and  dried  with  moderate  heat. 

The  exact  composition  of  bismuth  subcarbonate  depends  upon 
the  degree  of  dilution  of  the  sodium  carbonate  solution  and  the 
temperature  at  which  the  bismuth  nitrate  is  added  and  the  final  pre- 
cipitate dried.  The  Pharmacopoeia  demands  that  bismuth  subcar- 
bonate, upon  beine  heated  to  redness,  shall  leave  a  yellow  residue 
of  bismuth  oxide,  BigOj,  weighing  not  less  than  90  per  cent,  of  the 
original  weight  of  the  sample  used ;  a  salt  of  the  above  composition 
will  yield  88.02  per  ceat.  of  oxide,  whereas  the  formula  given  by 
the  British  Pharmacopoeia,  2(Bi202C03)  +  HjO,  indicates  a  salt 
which  will  yield  89.75  per  cent,  of  oxide.  In  England  the  salt  is 
known  as  bismuth  carbonate  or  bismuth  oxycarbonate,  the  British 
Pharmacopoeia  directing  the  use  of  ammonium  carbonate  in  place 
of  sodium  carbonate. 
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Bismuth  Subgallate.    Bismutkyl  CkJlate. — ^This  compoand, 

<;ominercially  also  known  as  dermatoly  may  be  obtained  by  dissolving 
bismuth  trinitrate  in  glacial  acetic  acid^  diluting  the  solution  with 
water,  and  adding,  with  constant  stirring,  a  warm,  weak  aqueous 
solution  of  gallic  acid.  The  resulting  precipitate  is  separated  bj 
tiecantation  and  washed  until  entirely  free  from  nitric  acid,  and  then 
dried  at  about  100°  C.  (212°  F.).  Its  composition  may  be  indicated 
by  the  formula  BiOCyHA  +  H,0  or  C.H,(OH)3COOBiO  +  HA 
but  it  varies  somewhat  in  commercial  samples.  Ksmuth  sul^late 
occurs  as  a  bright  yellow  powder,  insoluble  in  water,  but  soluble  io 
solutions  of  the  alkali  hydroxides. 

The  Pharmacopoeia  requires  that  if  thoroughly  ignited  and  then 
treated  exactly  as  stated  under  Bismuth  Citrate,  it  shall  yield  not 
less  than  52  nor  more  than  59  per  cent,  of  pure  bismuth  oxide ;  the 
theoretical  yield  of  a  compound  having  the  above  composition  would 
be  54.33  per  cent. 


Subnitrate.  Bismuthyl  Nitrate. — ^A  part  of  the 
process  of  manufacture  of  this  salt  has  been  detailed.  When  a  solu- 
tion of  purified  bismuth  trinitrate  is  poured  into  water  precipitation 
of  a  basic  salt  at  once  takes  place,  the  nitric  acid  liberated,  however, 
retaining  some  of  the  normal  nitrate  in  solution.  As  in  the  case 
of  the  carbonate,  the  composition  of  the  precipitate  will  varjr  with 
the  volume  and  temperature  of  the  water  used,  and  also  the  tempera- 
ture at  which  the  salt  is  dried. 

The  Pharmacopoeia  gives  no  formula  for  bismuth  subnitrate,  but 
-demands  that  it  shall  yield  not  less  than  80  per  cent  of  bismuth 
oxide,  if  heated  to  redness  until  nitrous  vapors  cease  to  be  evolved 
and  then  weighed  when  cold.  The  British  Pharmacopoeia  gives 
BiO(N03)  +  HjO  as  the  composition  of  the  official  salt,  which 
would  yield  a  little  over  76  per  cent,  of  oxide,  while  the  foimola 
BiO(X03)  +  H,0  +  Bi(OH)5  indicates  a  compound  theoretically 
yielding  somewhat  over  82  per  cent. 

Although  a  basic  salt,  bismuth  subnitrate,  when  mixed  with 
water,  shows  an  acid  reaction,  due  to  decomposition  and  liberation 
of  nitric  acid,  and  should  not  be  dispensed  in  mixtures  containing 
alkali  carbonates  or  bicarbonates,  as  decomposition  (often  with  ex- 
plosive violence)  will  result  (see  also  page  329). 

In  continental  Europe  the  salt  is  frequently  prescribed  undor  the 
name  magisterium  biamuOii. 

Bismuth  Subsalicylate.    Bismuthyl  Salicylate.— BiOC^HsO, 

or  CeH,(OH)COOBiO.  According  to  the  British  Pharmacopoeia, 
which  names  this  salt  bismuth  salicylate,  it  may  be  prepared  bv 
interaction  between  bismuth  nitrate  and  sodium  salicylate.  Another 
method  consists  in  digesting  freshly  precipitated  bismuth  hydroxide 
with  salicylic  acid  at  o.rdinary  temperature  for  48  hours,  then  wash- 
ing with  small  quantities  of  cold  water  until  all  free  acid  has  been 
removed,  and  finally  drying  at  a  low  temperature  in  a  dark  place. 
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The  Pharmaoopoeia  requires  that  if  bismath  snbealieylate  be 
ignited  and  treated  exactly  as  stated  under  Bismuth  Citrate^  it  shall 
yield  not  less  than  62  nor  more  than  64  per  cent,  of  oxide,  which 
corresponds  to  a  salt  having  the  composition  given  above. 

Among  the  non-official  compounds  of  bismuth  the  following  are 
of  interest : 


Bi^Oj. — This  compound  may  be  conveniently 
prepared  by  boiling  bismuth  subnititite  with  solution  of  potassium 
or  sodium  hydroxide^  washing  the  resulting  precipitate  well  with 
water,  and  finally  drying  it  on  a  boiling  water-bath.  It  is  officially 
recognized  in  the  British  Pharmacopoeia.  Bismuth  oxide  is  of  yel- 
iowish-white  color,  and  is  used  in  die  preparation  of  bismuth  oleate. 

Bismuth  Subiodide.  Bismuthyl  Iodide.  BiOI.— This  salt  is 
obtained  either  by  boiling  an  aqueous  suspension  of  bismuth  sub- 
nitrate  with  potassium  iodide  or  by  heating,  but  not  boiling,  a  solu- 
tion of  normal  bismuth  nitrate  with  potassium  iodide.  In  either 
case  the  bright  red  or  brownish-red  precipitate  is  well  washed  with 
water  and  dried  at  the  temperature  oi  boiling  water. 


CHAPTER    LII. 


THE  COMPOUNDS  OF  COPPER,  LEAD,  ZINC,  GOLD,  ANDSILVEIL 

While  copper  and  gold  each  furnish  but  one  compoand  reo^- 
nized  in  the  Pharmacopoeia,  the  official  salts  of  lead,  silver,  and  rinc 
are  more  numerous  and  of  greater  importance,  as  may  be  seen  by 
the  following  list : 


Official  English  Name. 
Copper  Sulphate, 

Lead  Acetate, 

Lead  Iodide, 

Lead  Nitrate, 

Lead  Oxide, 

Lead  Plaster, 

Cerate  of  Lead  Subacetate, 

Solution  of  Lead  Subacctate, 

Zinc  Acetate, 

Zinc  Bromide, 

Precipitated  Zinc  Carbonate, 

Zinc  Chloride, 

Zinc  Iodide, 

Zinc  Oxide, 

Zinc  Phenolsulphonate, 

Zinc  Stearate, 

Zinc  Sulphate, 

Zinc  Valerate. 

Solution  of  Zinc  Chloride, 

Ointment  of  Zinc  Oxide, 

Ointment  of  Zinc  Stearate, 

Oold  and  Sodium  Chloride, 

Silver  Cyanide, 
Silver  Nitrate, 
Mitigated  Silver  Nitrate, 
Moulded  Silver  Nitrate, 
Silver  Oxide, 


Official  Latin  Name. 
Copri  Sulphi 


Plumbi  Aoetae. 
Plumbi  lodidum. 
Plumbi  Nitras. 
Plumbi  Oxidum. 
Emplastrum  PlumbL 
Ceratum  Plumbi  Subaoetatii. 
Liquor  Plumbi  Subacetatis. 

Zinci  Acetas. 

Zinci  Bromidum. 

Zinci  Carbonas  PnecipitatoiL 

Zinci  Chloridum. 

Zinci  lodidum. 

Zind  Ozidum. 

Zinci  Phenolsulphonas. 

Zinci  Stearaa. 

Zinci  Sulphas. 

Zinci  Valera& 

Liquor  Snci  Chloridi. 

Unguentum  Zind  OxidL 

Unguentum  Zinci  Steantii. 

Ami  et  Sodii  Chlori(i>iiiL 

Aigenti  QTanidum. 
Argenti  Kitras. 
Ai^genti  Nitras  MitigatoB. 
Aigenti  jNitras  Fusua 
Argenti  Oxidum. 


THE  COMPOUNDS  OF  COPPER. 

Copper  Snlphate.  CuSO^  +  SHjO.— The  crude  salt,  knovm  in 
commerce  as  blue  vitrol,  is  not  suited  for  pharmaceutical  porpoe^ 
on  account  of  the  impurities  f iron  and  other  metals)  present ;  a»' 
as  these  cannot  be  removed  oy  simple  recrystallisttiODy  a  1*^*^ 
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article  may  be  obtained  by  direct  solution  of  metallic  copper  in 
diluted  sulphuric  acid  aided  by  a  little  nitric  acid^  the  following 
reaction  taking  place :  Cu,  +  SH^SO^  +  2HNO3  =  SCuSO^  + 
2N0  +  4H2O.  The  solution  may  be  concentrated  and  allowed  to 
crystallize  or  evaporated  with  frequent  stirring,  so  that  the  salt  will 
be  obtained  in  the  form  of  a  coarse  granular  powder^  which  latter  is 
more  convenient  for  dispensing  purposes. 

The  official  crystallized  cupric  sulphate,  containing  36.1  per  cent, 
of  water,  slowly  effloresces  upon  exposure  to  air ;  hence  it  must  be 
kept  in  tightly  closed  vessels.  When  deprived  of  all  of  its  water  of 
ciTstallization  at  a  temperature  of  200°  C.  (392°  F.),  the  anhydrous 
salt  forms  a  valuable  dehydrating  agent  and  is  used  in  the  preser\'a- 
tion  of  absolute  alcohol. 

Among  the  non-official  compounds  of  copper  the  following  may 
be  mentioned  as  of  interest  to  pharmacists : 

Copper  Anenite.  O11HA8O3. — This  salt,  which  of  late  years 
has  come  somewhat  into  prominence,  is  obtained  as  a  green  pre- 
cipitate by  decomposing  a  solution  of  cupric  sulphate  with  potas- 
sium arsenite. 

Copper  Acetate.      OTi(Ofifi^\  +  Efi  or  (CH3C00)2Cii  + 

HjO. — Crystallized  cupric  acetate,  which  was  recognized  in  the 
Pharmaoopceia  of  1880,  may  be  obtained  by  double  decomposition 
of  cupric  sulphate  and  lead  or  calcium  acetate ;  the  solution  after 
filtration  is  acidulated  with  acetic  acid,  concentrated,  and  allowed  to 
crystallize.  This  salt  must  not  be  confounded  with  ordinary  verdi- 
gris, a  basic  cupric  acetate,  which  occurs  in  amorphous  masses  and 
has  the  composition  Cu20(C2H302)2. 

Copper  Nitrate.  Cu(N03)2  +  3H2O. — A  very  deliquescent  salt 
prepared  from  metallic  copper  by  solution  in  diluted  nitric  acid  and 
subsequent  crystallization. 

Copper  Alum. — By  this  name  the  German  Pharmacopoeia  recog- 
nizes a  mixture  of  alum,  saltpetre,  cupric  sulphate,  ana  camphor, 
which  has  received  also  the  official  Latin  title  cuprum  aluminatum. 
It  is  prepared  by  fusing  together  16  parts  each  of  potassium  alum, 
cupric  sulphate,  and  potassium  nitrate,  and  adding  to  the  fused 
mixture,  after  removal  from  the  fire,  1  part  each  of  powdered 
camphor  and  powdered  potassium  alum ;  after  thorough  incorpora- 
tion of  the  powders  the  mass  is  poured  on  a  slab  to  s<jlidify.  This 
mixture  is  sometimes  prescribed  by  physicians  as  lapis  divinus. 

THE  COMPOUNDS  OF  LEAD. 
Lead  Acetate.    Vb{Ofifi,\  +  SH^O  or  (CH3COO)2Pb  +  SH^O. 

— ^This  salt  may  be  obtained  by  dissolving  lead  in  diluted   acetic 
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acid  or  by  exposing  lead  in  the  form  of  sheets  to  the  combined 
action  of  air  and  vinegar.     The  resulting  solutions  are  filtered,  ooo- 
centrated,  and  ciystallized ;  in  order  to  secure  perfect  crystalliz&tioti 
a  little  acetic  acid  is  added  to  the  liquid.     Large'  quantities  of  lead 
acetate  are  now   made  from   metallic  lead  by  placing  the  same 
in  granular  form  in  large  open  stoneware  cylinders  and  allowiog 
strong  acetic  acid  to  fall  upon  it  in  drops  from  a  cask  provided  with 
a  glass  outlet  tube  and  a  multiple  drip-cock  attachment.    Dufmg 
the  operation,  which  is  allowed  to  go  on  continuously  day  and  night 
until  completed,  heat  is  developed  as  the  acid  slowly  trickles  down 
over  the  metal,  and  under  the  influence  of  air  the  lead  is  graduallr 
dissolved  in  the  form  of  basic  lead  acetate.     The  solution  is  allom 
to  collect  in  the  lower  ptrt  of  the  cylinder,  and  is  thence  transferred 
to  large  receptacles,  wnere  it  is  exactly  neutralized  vn\k  acetic  add, 
and  the  solution  of  normal  lead  acetate  then  set  aside  to  crystallise. 
Purified  lead  acetate  for  dispensing  purposes  is  prepared  in  eianalar 
form  by  dissolving  the  large  crystals*  in  water,  filtering  and  e\'apO" 
rating  the  solution  with  frequent  stirring,  so  that  small  crjs^ 
may  be  produced. 

Commercially,  lead  acetate  is  better  known  as  sugar  of  lead,  (m 
account  of  its  peculiar  sweet  taste.  When  exposed  to  the  air  \\ 
effloresces  and  slowly  absorbs  carbon  dioxide ;  it  must  therefore  be 
preserved  in  well-closed  bottles  or  cans. 

Lead  Iodide.  Pblj. — This  salt  is  prepared  by  double  decom- 
position between  cold  solutions  of  lead  nitrate  and  potassiom 
iodide ;  the  precipitate  is  well  washed  with  water  and  dried  at  a 
gentle  heat.  Lead  acetate  may  be  used  in  place  of  the  nitrate, 
but  entails  a  loss  of  the  product,  since  lead  iodide  is  appreciablv 
soluble  in  potassium  acetate  solution. 

Lead  iodide  may  be  adulterated  with  lead  chromate,  which 
resembles  it  in  appearance ;  such  an  admixture  can  be  detected  by 
treatment  with  a  hot  solution  of  ammonium  chloride,  in  which  lad 
iodide  is  soluble,  while  lead  chromate  remains  unaffected. 

Lead  Nitrate.  PbrNOsV— While  metallic  lead  is  soluble  in 
diluted  nitric  acid,  lead  oxide  or  carbonate  is  preferred  for  the 
manufacture  of  this  salt,  as  solution  can  be  effected  more  readily; 
the  solution  of  lead  nitrate  thus  obtained  is  ooncentrated  and 
crystallized.  Lead  nitrate  is  insoluble  in  alcohol,  and  in  th^ 
respect  differs  from  lead  acetate,  which  is  soluble  in  30  times  its 
weight  of  that  liquid. 

Lead  Oxide.  PbO.— Of  the  different  oxides  of  lead  ooenrrii^ 
on  the  market,  only  that  more  particularly  known  as  litharge  i? 
officially  recognized.  It  is  obtained  by  heating  lead  in  contirt 
^vith  air  to  a  temperature  of  about  400°  to  450^  C.  (752''  or  Mi" 
P.),  and  also  as  a  by-product  in  the  treatment  of  silver  ores  by  ^ 
process  known  as  cupellation. 
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When  lead  oxide  is  exposed  to  the  air  it  slowly  absorbs  moisture 
and  carbon  dioxide,  a  basic  lead  carbonate  being  formed  ;  hence  it 
should  be  kept  in  well-closed  vessels ;  the  Pharmacopoeia  limits 
the  increase  in  weight  due  to  such  absorption  to  4  per  cent  The 
color  of  commercial  litharge  is  not  uniiorm,  which  is  due  to  the 
manner  of  cooling  the  molten  mass :  if  allowed  to  cool  slowly, 
a  reddish-yellow  product  is  obtained ;  while  if  cooled  rapidly,  a 
yellowish-red  color  results. 

Solution  of  Lead  Subacetate. — ^An  aqueous  liquid  containing 
in  solution  not  less  than  25  per  cent,  of  basic  lead  acetate  of  the 
approximate  composition  FhzO^C^afij)^  "^he  official  directions  for 
preparing  this  well-knowu  solution  are  to  boil  for  half  an  hour  a 
mixture  of  180  Gm.  of  lead  acetate,  110  Gm.  of  lead  oxide,  and 
700  Gm.  of  distilled  water,  with  occasional  stirring.  When  cool, 
the  mixture  is  filtered  and  sufficient  distilled  water,  previously  boiled 
and  cooled,  added  to  the  filtrate  to  bring  the  weight  of  the  latter  up 
to  1000  Gm. 

The  lead  acetate  should  be  dissolved  in  the  distilled  water  heated 
to  boiling  and  then  added  to  the  lead  oxide  in  the  form  of  finely 
sifted  powder,  in  divided  portions,  and  slowly  witli  constant  stirring. 
After  a  thorough  mixture  has  been  effected  it  is  then  boiled  for  half 
an  hour  to  complete  the  chemical  reaction.  Distilled  water,  prefer- 
ably that  which  has  been  boiled,  so  as  to  avoid  the  presence  of 
<;arbon  dioxide,  as  well  as  sulphates  and  chlorides,  should  always  be 
used  in  the  preparation  of  this  solution.  The  process  of  boiling  the 
mixture  is  directed  mainly  for  the  purpose  of  economizing  time,  as 
the  same  changes  will  take  place  even  at  ordinary  temperature, 
several  days,  however,  being  required,  together  with  frequent  agita- 
tion of  the  vessel. 

The  quality  of  solution  of  lead  subacetate  depends  largely  upon 
the  quality  of  the  lead  acetate  and  lead  oxide  employed.    Tne  fol- 
lowing process,  suggested  by  Haussmanu,  is  admirably  adapted  for 
the  retail  pharmacist's  needs,  and  yields  a  more  satisfactory  product 
than  the  official  method ;  pour  730  Ck;.  of  distilled  water,  heated  to 
i>oiling,  into  a  strong  bottle  previously  warmed  and  graduated  at 
730  Cc;  add  quickly  170  Gm.  of  pure  crystallized  lead  acetate  in 
small  pieces,  cork  the  bottle,  and  dissolve  by  gentle  agitation.    After 
solution  of  the  salt,  add  in  divided  portions  100  Gm.  of  lead  oxide 
{97—99  per  cent,  pure),  previously  sifted,  shaking  the  bottle  after 
each  addition.     In  about  ten  minutes  the  yellow  color  of  the  lead 
oxide  i^ill  disappear,  and  after  two  hours  all  reaction  will  have 
ceased.      The  mixture  may  then  be  filtered  under  cover. 

Several  basic  lead  acetates  are  known,  the  composition  of  which 
depends  upon  the  proportions  in  which  the  lead  acetate  and  oxide 
are  employed  ;  thus  the  United  States  and  British  Pharmacopoeias, 
using^  the  acetate  and  oxide  in  the  proportion  of  their  molecular 
weights,  obtain  in  solution  the  basic  compound  indicated  by  the 
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formula  Pb20(C2Hj02)„  according  to  the  equation  (P^CjHjO,),-^ 
3H2O)  +  PbO  =  Pb20(C2H303)2  +  3H2O ;  while  the  German  and 
French  Pharmacopoeias,  directing  the  use  of  three  parts  of  lead 
acetate  to  one  of  lead  oxide,  cause  the  production  of  a  less  basic 
compound,  as  shown  by  the  equation  2(Pb(C2H302)2  +  3HjO)  * 
PbO  =  PbjCXCjHA),  +  6H2O. 

In  the  preparation  of  this  solution  other  basic  lead  acetate^ 
such  as  Pb302(C2H302)2,  are  also  formed  in  small  quantities  m  addi- 
tion to  those  mentioned,  and  an  insoluble  white  residue  is  always 
left,  consisting  of  a  very  basic  compound,  probably  having  the  com- 
position Pbe05(C2H302)2. 

Solution  of  lead  subacetate,  commercially  known  as  Goiibfrd^^ 
Extract,  is  very  sensitive  to  carbon  dioxide,  the  least  exposure  to  air 
causing  a  film  of  basic  lead  carbonate  to  form ;  hence  it  must  be 
preserved  in  tightly  stoppered  bottles,  and  should  always  be  filtered 
in  a  closely  covered  funnel.  It  is  incompatible  with  solutioa  of 
acacia,  differing  in  this  respect  from  the  normal  acetate. 

The  valuation  of  solution  of  lead  subacetate  is  made  by  predm- 
tating  all  lead  present  by  addition  of  an  excess  of  j^  oxalic  acid  sola- 
tion,  and  then  determining  the  excess  of  oxalic  acid  by  means  of  potas- 
sium permanganate  solution.     From  the  data  thus  obtained  the  pe^ 
centage  of  lead  subacetate  in  the  solution  may  be  calculated.    In  the 
official  test  10  Gm.  of  solution  of  lead  subacetate  are  diluted  ^tk 
recently  boiled  and  cooled  distilled  water  to  100  Cc,  and  of  this 
diluted  liquid  13.6  Cc,  representing  1.36  Gm.  of  the  original  solu- 
tion, are  added  to  35  Cc.  of  j^  oxalic  acid  solution,  and,  after  thor- 
ough shaking,  sufficient  distilled  water  is  added  to  bring  the  volame 
up  to  50  Cc,  the  mixture  again  well  shaken,  and  after  the  precipiiate 
has  settled  10  Cc  of  the  clear  liquid  are  diluted  with  50  Cc  of  Xxy- 
tilled  water,  and  after  addition  of  2  Cc  of  sulphuric  acid  titrat*Ji 
with  Ys  potassium  permanganate  solution.     Not  more  than  2  (V. 
of  the  latter  solution  should  be  required  to  produce  a  permanent  pink 
tint.     The  reaction  occurring  in  the  assay  may  be  shown  bv  the 
the   following    equation  :   Pb20(C2H30,)2  +  ^^ELfifi^  +  2HJ0^  ^ 
2Pb(C204)  +  2HC2H3O2  +  5H2O,  from  which  it  is  seen  that  evenr 
molecule  or  543.74  Gm.  of  lead  subacetate  will  require  2  molecule*  or 
250.20  Gm.  of  crystallized  oxalic  acid ;  and  hence  each  Cc  of  tht 
Yj^  oxalic  acid  solution,  containing  0.006255  Gm.  of  the  add,  will 
precipitate  0.01359+  Gm.  of  lead   subacetate,  which   correspooi 
practically  to  1  per  cent,  of  the  1.36  Gm.  of  original  solation  taken. 
The  number  of  Cc.  of  -^  potassium  permanganate  solution  reqoire<i 
to  produce  the  permanent  tint  must  be  multiplied  by  5,  since  ool} 
\  of  the  clear  supernatant  liquid  is  used,  and    this  product  suU 
tracted  from  35  will  indicate  the  exact  quantity  of  -f^  oxalic  v^ 
solution  required  to  precipitate  all  lead  from  1.36  Gm.  of  the  solatia 
taken  for  the  assay.     The  number  of  Cc.  of  the  oxalic  acid  solutit^ 
thus  required  will  at  once  express  the  percentage  of  lead  subscdatr 
present,  since  each  Cc  indicates  1  per  cent. 
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The  Pharmacopoeia  also  recognizes  a  dilute  solution  of  lead  sub- 
acetate,  inade  by  mixing  40  Gm.  of  the  above  solution  with  960 
{Jm.  of  distilled  water,  previously  boiled  and  cooled.  This  prepa- 
ration is  popularly  known  as  leaa  water. 

THE  COMPOUNDS  OF  ZINO. 

Zinc  Acetate.  Zn(02H302)2  +  2H,0  or  (CHsOOO)2Zn  +  2H2O.— 

This  salt  may  be  prepared  by  solution  of  either  zinc  oxide  or  carbon- 
ate in  hot,  moderately  diluted  acetic  acid.  After  filtration  the 
solution  is  allowed  to  cool,  when  a  large  portion  of  the  newly  formed 
salt  separates.  A  further  yield  of  crystals  may  be  obtained  by  con- 
<«ntration  of  the  mother-liquor.  It  is  better  to  crystallize  the  salt 
from  a  slightly  acid  solution,  so  as  to  avoid  the  formation  of  basic 
zinc  acetate. 

Zinc  acetate  upon  exposure  to  air  slowly  effloresces  and  loses 
acetic  add,  a  basic  salt  being  formed  at  the  same  time ;  hence  it 
should  be  preserved  in  well-stoppered  bottles. 

Zinc  Bromide.  ZnBr,. — ^The  most  convenient  method  for  pre« 
paring  this  salt  is  digestion  of  pure  granulated  zinc  with  a  solution 
of  hydrobromic  acid  as  long  as  reaction  continues,  then  filtering  and 
evaporating  the  solution  to  dryness.  Zinc  bromide  may,  however, 
also  be  obtained  by  mutual  decomposition  between  zinc  sujphate  and 
potassium  bromide  or  by  the  direct  action  of  bromine  on  metallic 
zinc  in  the  presence  of  water. 

Zinc  bromide  is  a  very  deliquescent  salt,  and  must  therefore  be 

kept  in  bottles  closed  with  glass  stoppers  coated  with  paraffin.    The 

Pharmacopoeia  requires  that  the  salt  when  perfectly  dry  shall  con- 

tam  at  least  97  per  cent,  of  pure  zinc  bromide,  and  hence  in  the 

official  test  0.3  Gm.  should  require  not  less  than  26  nor  more  than 

26.8  Cc.  of  y^  AgN03  solution  for  complete  precipitation,  potassium 

chromate  bemg  used  as  indicator.     As  1  molecule  of  zinc   bromide 

requires  2  molecules  of  silver  nitrate  for  precipitation,  each  Cc.  of 

the  silver  solution,  containing  0.016869  Gm.  of  silver  nitrate,  is 

ca]>able   of  precipitating  0.011181  Gm.  of  zinc  bromide,  which  is 

equivalent  to  3.727  per  cent,  of  0.3  Gm.,  and  hence  it  will  require 

26  Cc.  to  indicate  97  per  cent,  of  0.3  Gm.,  for  97  ^  3.727  =  26.0  +  ; 

moreover,  97  per  cent,  of  0.3  is  0.291,  and  0.291  -f-  0.011181  ==  26. 

If  the  salt  should  be  absolutely  pure,  0.3  Gm.  will  require  26.83  Cc. 

of  the  silver  solution,  and  the  difference  between  26.83  and  26  Cc. 

may  be  doe  to  a  higher  percentage  of  purity  or  to  the  presence  of 

chloride,  the  latter  condition  being  more  likely. 

Precipitated  Zinc  Oarbonate. — This  compound  is  obtained  by 

mutual  decomposition  between  zinc  sulphate  and  sodium  carbonate. 
On  mixing  cold  solutions  of  these  two  salts  normal  zinc  carbonate  is 
precipitated  in  a  gelatinous  form,  but  rapidly  undergoes  decompo- 
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sition,  carbon  dioxide  being  liberated,  whereby  a  portion  of  the  pre- 
cipitate is  again  dissolved.  If,  however,  the  solation  of  zinc  sulpoate 
be  added  slowly  and  with  constant  stirring  to  a  boiling  solutioD  of 
sodium  carbonate,  carbon  dioxide  is  rapidly  expelled  and  a  basic  zinc 
carbonate  precipitated  ;  thus,  6(ZnSO,  +  TH^O)  +  5(Na,C03  + 
10H,O)  ==(2ZnC03  +  3Zn(OH)j)  +  5NajSO,  +  30O,  +  82H;0;  the 
mixture  is  boiled  for  a  short  time,  after  which  the  precipitate  is 
washed  with  water  until  all  sodium  sulphate  is  removed,  and  tkn 
dried  at  a  gentle  heat.  Potassium  carbonate  is  not  so  well  adapted 
as  the  sodium  salt  for  the  process,  as  the  resulting  potassium  sulphate 
is  less  readily  washed  out,  and  ammonium  carbonate  is  unsuitable, 
since  it  does  not  completely  precipitate  the  zinc. 

The  composition  of  commercial  zinc  carbonate  will  naturailj 
vary  with  the  particular  process  employed  in  its  manufacture  and 
the  relative  proportions  oi  the  two  salts  used.  The  British  Phanna- 
copoeia  assigns  the  formula  ZnCO^  +  3Zn(OH)2  +  HjO  to  the  official 
article,  thereby  indicating  a  more  basic  compound  than  the  one  above 
mentioned. 

The  Pharmacopoeia  makes  no  statement  as  to  the  composition  of 
the  official  zinc  carbonate,  but  requires  that  it  shall,  upon  strong 
ignition,  yield  at  least  72  per  cent,  of  zinc  oxide.  Such  a  compound 
is  indicated  by  the  formula  of  the  British  Pharmacopoeia,  whicn  will 
yield  theoretically  72.7+  per  cent,  of  pure  oxide. 

Impure*  native  zinc  carbonate,  contaminated  with  iron^  is  known 
in  commerce  as  calamine,  and  was  at  one  time  used  in  the  prepara- 
tion of  Turner's  Cerate  (calamine  3  parts,  yellow  wax  3  parts^  lard 
16  parts. 

Zinc  Ohloride.  ZnOl,. — This  salt  may  be  obtained  by  evapo- 
rating the  official  solution  of  zinc  chloride  to  dryness,  with  constant 
stirring,  adding  toward  thie  close  of  the  operation  a  little  hydro- 
chloric acid  to  avoid,  as  far  as  possible,  the  formation  of  oxycUonde. 
Owing  to  the  very  hygroscopic  character  of  the  salt,  it  must  be  tnui$- 
ferred  while  still  warm  to  perfectly  dry  bottles,  which  should  be 
closed  with  paraffined  glass  stoppers. 

The  entire  absence  of  basic  salt  in  zinc  chloride  is  scarcely  possi- 
ble, and  the  Pharmacopoeia  prescribes  the  limit  by  directing  that  1 
drop  of  hydrochloric  acid  shall  clear  up  the  opacity  caused  in  o  Cc.  of 
a  5  per  cent,  aqueous  solution  of  the  salt  by  the  addition  of  an  equal 
volume  of  alcohol.  If  flocculi  are  observed  in  a  solution  of  zinc 
chloride,  they  are  evidence  of  the  presence  of  oxychloride,  and  should 
be  removed  by  the  cautious  adaition  of  dilute  hydrochloric  add. 
As  zinc  chloride  acts  destructively  upon  v^etable  fibre,  strong  soVj- 
tions  of  it  should  always  be  filtered  through  asbestos  or  glass  wal 

The  Pharmacopoeia  demands  that  the  official  salt  shall  contain 
99.5  per  cent,  of  pure  ZnCl^,  which  is  determined  by  ascertainine 
the  yield  of  zinc  oxide  obtainable  from  a  given  weight  of  the  chloride, 
and  should  be  not  less  than  59.4  per  cent.    Each  Gm.  of  absolutely 
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pure  zinc  chloride  is  capable  of  yielding  0.5972+  Gm.  of  zinc  oxide, 
and  hence  in  the  official  test  0.5  Gm.,  if  the  salt  be  99.5  per  cent, 
pure,  should  yield  0.2971+  Gm.  The  reactions  involved  in  the 
official  test  are  precipitation  of  the  zinc  chloride  as  basic  zinc  carbon- 
ate, conversion  of  this  into  zinc  nitrate  by  solution  in  nitric  acid,  and 
redaction  of  the  nitrate  to  oxide  by  ignition. 


Iodide.  Znlj. — This  salt  can  be  prepared  by  direct  union 
of  iodine  and  zinc  in  the  presence  of  water,  when  zinc  iodide  will 
be  formed  with  liberation  of  hydrogen.  The  solution  thus  obtained 
is  evaporated,  with  constant  stirring,  to  dryness,  the  resulting  salt 
resembling  zinc  bromide  in  appearance.  Upon  exposure  to  air  zinc 
iodide  is  gradually  oxidized,  iodine  being  liberated  and  the  salt 
becoming  colored ;  hence  it  must  be  kept  in  small,  tightly  stoppered 
vials ;  like  the  bromide,  it  is  also  very  deliquescent. 

Zinc  iodide  should  contain  not  less  than  98  per  cent,  of  pure 
Znis,  which  is  ascertained  by  means  of  silver  nitrate  and  potassium 
sulphocyanate  solutions  in  the  presence  of  nitric  acid  and  ferric 
ammonium  sulphate  solution,  as  is  customary  for  the  titration  of 
iodides.  In  the  official  test  not  less  than  31  nor  more  than  31.6  Cc» 
of  -^  AgNOj  solution  shall  be  required  for  precipitation  of  0.5  Gm. 
of  zinc  iodide.  The  lower  limit  will  indicate  98  per  cent,  purity,, 
since  each  Cc.  of  the  silver  solution  corresponds  to  0.015835  Gm.  of 
zinc  iodide  and  0.015835  X  31  =  0.490885  Gm.,  which  is  equivalent 
to  98  per  cent,  of  0.5  Gm.  If  the  salt  be  absolutely  pure,  0.5  Gm. 
will  require  31.57+  Cc.  of  the  silver  solution  for  precipitation,  and 
the  difference  between  31  and  31.6  Cc.  required  may  therefore  be 
due  to  a  higher  percentage  of  purity,  or  to  the  presence  of  bromide 
or  chloride,  or  both. 

Zinc  Oxide.  ZnO. — For  pharmaceutical  purposes  zinc  oxide  is 
usually  obtained  by  heating  precipitated  zinc  carbonate  in  a  crucible 
until  all  carbon  dioxide  and  water  have  been  expelled,  the  process 
being  identical  with  that  for  the  production  of  magnesia;  thus 
2ZnCOa  +  3Zn(OH),  ==  5ZnO  +  2COa  +  3HjO.  A  red  heat  is  not 
necessary,  decomposition  taking  place  at  a  temperature  of  250°  or 
280"*  C.  (482°  or  536°  F.).  The  lower  the  temperature  employed 
for  expelling  the  carbon  dioxide  the  whiter  will  be  the  oxide  obtained, 
a  full  red  heat  always  causing  a  decided  yellow  tint. 

The  Pharmacopoeia  demands  almost  absolute  purity  for  zinc 
oxide,  99.5  per  cent.,  which  is  determined  by  dissolving  1  Gm.  of 
the  sample  in  an  excess  of  normal  hydrochloric  acid  (30  Cc.)  and 
then  titrating  the  excess  with  normal  potassium  hydroxide  solution  ; 
not  more  than  5  Cc.  of  the  alkali  solution  should  be  required,  show- 
ing that  at  least  §4.6  Cc.  of  the  normal  acid  have  been  required  to 
dissolve  the  zinc  oxide.  The  equation  ZnO  +  2HC1  =  ZnCl^  +  H^O 
shows  that  1  molecule,  or  80.78  Gm.  of  zinc  oxide,  requires  2  mole- 
cules or  72.36  Gm.  of  absolute  hydrochloric  acid,  or,  in  other  words. 


GOO  PHARMACEUTICAL  CHEMISTRY. 

that  1  Cc.  of  the  normal  acid,  containing  0.03618  6m.  of  absolute 
acid,  is  capable  of  dissolving  0.04039  Gm.  of  zinc  oxide,  which  latter 
qiinntity  corresponds  to  about  4  per  cent  of  the  1  6m.  used  in  the 
official  test ;  hence  0.995  Gm.  (99.5  per  cent  of  1  6m.)  will  require 
24.63  Cc.  to  indicate  99.5  per  cent  puritv,  for  0.995-^0.04039  = 
24.63. 

Zinc  oxide  is  occasionally  designated  as  flores  zinci  (flowers  of 
zinc),  nihil  album  (white  nothing),  or  lana philosophica  (philosopher's 
wool),  and  an  impure  gray  variety  was  formerly  used  under  the  name 
tutia  or  tiUty, 

Zinc  Phenolsulphonate.    Zji{Ofl,flfl\  +  SEfi  or  Zn{SO^Qf 

H40H)2  +  8H20. — This  salt,  commercially  better  known  as  anc 
sulphocarbolate,  may  be  prepared  by  mutual  decomposition  between 
solutions  of  barium  or  lead  phenolsulphonate  (see  Sodium  Phenol- 
sulphonate) and  zinc  sulphate,  filtering  the  mixture,  evaporating  the 
clear  solution,  and  allowing  it  to  crystallize.  As  in  the  case  of  the 
corresponding  sodium  salt,  the  Pharmacopoeia  recognizes  onljr  the 
paraphenolsulphonate.  The  British  Pharmacopoeia  recommends 
simple  saturation  of  phenolsulphonic  (sulphocarbolic)  acid  with  zinc 
oxide.  When  freshly  prepared  the  crystals  of  zinc  phenolsulpho- 
nate are  colorless,  but  are  apt  to  become  pink  upon  exposure  to 
air  and  light,  and  should  therefore  be  preserved  in  small  tightly 
stoppered,  amber-colored  bottles.  The  salt  effloresces  when  expoeed 
to  the  air. 

Zinc  Stearate. — This  compound,  which  is  always  acoompanie<l 
by  small  but  varying  proportions  of  zinc  palmitate,  may  be  obtained 
by  mutual  decomposition  between  solutions  of  either  zinc  acetate  or 
sulphate  and  sodium  stearate,  the  latter  being  employed  hot  because 
the  salt  Ls  not  very  soluble  in  cold  water.  100  parts  of  zinc  acetate 
or  131  parts  of  zinc  sulphate  will  require  279  parts  of  sodium  stear- 
ate ;  the  latter  may  be  procured  in  an  impure  lorm  as  animal  or  curd 
soap,  or  be  prepaid  of  purer  quality  by  adding  stearic  acid  to  a  hot 
solution  of  monohydrated  sodium  carbonate.  The  precipitated  zinc 
stearate,  after  having  been  thoroughly  washed  witn  hot  vrater,  is 
dried  between  bibulous  paper,  reduced  to  powder,  and  passed  through 
a  hair-cloth  sieve. 

Zinc  stearate  has  been  found  to  retain  its  pulvenilent  condition 
very  much  better  than  zinc  oleate,  which  was  formerly  much  used 
and  was  often  found  mixed  with  zinc  oxide  for  the  purpose  of  bett^^r 
preservation. 

The  Pharmacopoeia  requires  that  1  Gm.  of  zinc  stearate,  aft<^ 
decomposition  with  nitric  acid  and  ignition  of  the  newly-formed  zinc 
nitrate,  shall  yield  not  less  than  0.14  nor  more  than  0.16  Gm.  of 
residue,  iiKlicatin^  a  zinc  content  corresponding  to  not  less  than  14 
nor  more  than  16  per  cent,  of  zinc  oxide.  An  excessive  weight  of 
residue  would  indicate  the  probable  admixture  of  zinc  oxide. 
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Zinc  Sulphate.  ZnSO^  +  TEtjO. — This  salt  is  manufactured  on 
a  large  scale  by  digesting  metallic  zinc  with  diluted  sulphuric  acid, 
when  zinc  sulphate  is  formed  and  hydrogen  eliminated.  As  iron  is 
generally  present  in  zinc,  this  also  is  dissolved,  and  is  removed  by 
first  converting  it  into  a  ferric  salt  (by  passing  chlorine  into  the 
solntion)  and  afterward  adding  zinc  carbonate,  whereby  all  iron  is 
precipitated  as  ferric  hydroxiae.  The  solution  of  zinc  sulphate  is 
separated  by  filtration,  concentrated,  and  allowed  to  crystallize. 

Commercial  zinc  sulphate  frequently  contains  free  acid,  and  is 
usually  contaminated  with  iron  and  other  metals ;  for  pharmaceutical 
purposes  only  the  purified  salt  in  small  crystalline  granules  should 
he  used.  On  account  of  the  acid  reaction  of  an  aqueous  solution  of 
zinc  sulphate  with  litmus-paper,  free  acid  to  be  detected  must  be 
extracted  with  alcohol,  which  has  no  efi*ect  on  the  salt,  as  directed  in 
the  Pharmacopoeia. 

Zinc  Valerate.    Zn(q,BJOX  +  2H2O  or  ( (OH,)sOHOH2000V 

Zn  +  2H2O. — Formerly  officially,  and  commercially  still,  named 
Zinc  Valerianate.  When  hot  solutions  of  sodium  valerate  and  zinc 
sulphate  are  mixed,  double  decomposition  takes  place,  sodium  sul- 
phate and  zinc  valerate  being  produced,  the  former  of  which 
remains  in  solution,  while  a  portion  of  the  zinc  salt  separates  in  th^ 
form  of  scaly  crystals  and  rises  to  the  surface ;  a  further  yield  of 
crystals  may  be  obtained  upon  concentration  of  the  mother-liquor. 
The  crystals  are  afterward  drained,  washed  with  small  quantities  of 
cold  water,  and  dried  at  ordinary  temperature. 

Solution  of  Zinc  Chloride. — An  aqueous  solution  of  zinc  chlo- 
ride, ZnCIf,  containing  about  50  per  cent,  of  the  anhydrous  salt.    The 
official  directions  for  preparing  this  solution  are  to  digest  metallic 
zinc   with   moderately  diluted  hydrochloric  acid  until  the  acid  is 
saturated ;  the  solution  is  decanted,  and  after  the  addition  of  a  small 
quantity  of  nitric  acid  evaporated  to  dryness ;  the  dry  mass  is  next 
heated  to  fusion  at  a  temperature  not  exceeding   115^  C.  ^230^  F.), 
allowed  to  cool  and  dissolved  in  sufficient  water  to  bring  tne  weight 
of  the  solution  up  to  1000  Gra.  for  every  840  Gm.  of  hydrochloric 
acid  and  240  Gm.  of  zinc  employed.     Finally  some  zinc  carbonate 
is  added,  the  mixture  agitated  occasionally  during  twenty-four  hours, 
allowed  to  settle,  and  the  liquor  decanted. 

The  object  of  adding  nitric  acid  to  the  solution  is  to  convert  any 
iron  present  (derived  from  the  zinc)  into  ferric  chloride.  To  remove 
any  nitrogen  compounds  or  nitrate  formed,  the  liquid  is  further 
evaporated  to  dryness  and  fused  below  116°  C.  (230°  F.),  so  as  to 
avoid  volatilization  of  any  zinc  chloride.  The  final  addition  of  zinc 
carbonate  precipitates  all  iron  as  ferric  hydroxide,  and  thus  a  solution 
of  zinc  chloride  only  is  obtained. 

Solution  of  zinc  chloride  has  a  specific  gravity  of  about  1.548  at 
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25°  C.  (77°  F.),  and  is  chiefly  used  for  disinfecting  jparposes.    It 
is  practically  identical  with  Burnett's  disinfecting  flui<£ 

Besides  the  forgoing  compounds  of  zinc  the  following  jre  of 
interest : 


Hjrpophosphite.  Zii(R^O^\  +  HjO.— This  salt  mav  be 
conveniently  prepared  by  dissolving  zinc  oxide  or  carbonate  in 
hypophosphorous  acid  and  allowing  the  solution  to  crystallize. 


Lactate.    Zn(Ofifi;j^  +  Rfi  or  (0H2OHOH000),Z&  + 

SHjO. — If  moderately  dilute  lactic  acid  be  neutralized  with  zinc 
carbonate,  heating  the  mixture  if  necessary,  and  the  resulting  soln- 
tiou  concentrated  and  set  aside  to  cool,  crystals  of  the  above  com- 
position will  be  obtained. 

Zinc  Phosphate.  Zn3(POj2  +  ^H^O.— When  a  hot  solution  of 
zinc  sulphate  is  added  to  a  hot  solution  of  official  sodium  phosphate, 
a  white  crystalline  precipitate  of  zinc  phosphate  results,  which  ia 
subsequently  washed  with  water  to  remove  all  sodium  salt  and  then 
dried  at  ordinary  temperature. 


Phosphide.  Z1I3P2. — Phosphorus  and  zinc  may  be  made  to 
unite  by  carefully  adding  small  pieces  of  the  former  to  fused  zinc 
contained  in  a  crucible,  but  it  is  difficult  to  obtain  a  product  of 
uniform  composition.  A  more  desirable  method  for  preparing  the 
compound  is  that  of  Proust,  whereby  a  mixture  of  hydrt^n  phos- 
phide and  nitrogen  is  passed  into  a  porcelain  tube  containing  metallic 
zinc  heated  to  redness,  the  metal  combining  with  the  phosphoni^ 
while  the  nitrogen  and  liberated  hydrogen  escape. 

Zinc  phosphide  must  be  preserved  in  tightly  stoppered  vials,  as 
upon  exposure  to  air  it  slowly  emits  phosphorus  vapor,  indicating 
decomposition  and  oxidation. 

Zinc  Salicylate.  ZnCO^H A),  +  3H,0  or  0,H,(0H)OOOXZb - 
SHjO. — This  salt  may  be  conveniently  obtained  by  gradoally  adding 
to  a  hot  mixture  of  the  salicylic  acid  and  water  an  aqueous  suspen- 
sion of  zinc  oxide  as  long  as  solution  is  effected,  which  is  then 
filtered  and  allowed  to  crystallize. 

THE  COMPOUNDS  OF  OOLD. 


Ok)Id  and  Sodium  Chloride. — ^The  official  preparation  is  not 
the  true  double  salt  of  the  same  name,  but  a  mixture  of  goW 
chloride  and  sodium  chloride.  The  double  chloride  of  gold  inJ 
sodium,  known  also  as  sodium  chloroaurate,  contains  about  76  per 
cent,  of  pure  auric  chloride,  whereas  the  official  compound  contiic* 
but  50  per  cent.     The  exact  composition  of  commercial  gold  and 
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sodium  chloride  depends  upon  the  mode  of  preparation ;  a  simple 
mechanical  mixture  made  by  triturating  sodium  and  gold  chlorides 
together  in  equal  proportions  would  be  in  conformity  with  the 
official  definition. 

Anhydrous  auric  chloride,  AuClj,  may  be  prepared  by  dissolving^ 
gold  in  nitromuriatic  acid,  evaporating  the  solution  to  dryness, 
dissolving  the  residue  in  water,  and  carefully  evaporating  the 
liquid  to  dryness  at  a  temperature  not  exceeding  150°  C.  (302°  F.); 
this  operation  is  necessary  to  free  the  salt  from  acid,  but  a  higher 
temperature  must  be  avoided,  lest  decomposition  of  the  aurie 
chloride  into  aurous  chloride  and  chlorine  occur. 

A  solution  of  metallic  gold  in  a  mixture  of  nitric  and  hydro- 
chloric acids  contains  chloroauric  acid,  according  to  the  equation 
Auj  +  2HNO3  +  8HC1  =  2HAua,  or  2(AuCl3  +  HCl)  +  2NO 
+  3H2O,  and  by  adding  to  such  a  solution  sodium  chloride  the 
double  salt,  sodium  chloroaurate,  is  obtained  upon  evaporation; 
thus,  HAuCl,  +  NaCl  =  NaAua,  or  (AuCl,  +  NaCl)  +  HCl. 
For  the  formation  of  this  compound  5.187  parts  of  auric  chloride 
require  1  part  of  sodium  chloride ;  hence  if  equal  parts  of  the  two 
salts  are  used,  a  large  excess  of  sodium  chloride  will  be  present. 

The  Pharmacopoeia  requires  that  the  official  compound  shall  con- 
tain an  amount  of  toM  chloride  representing  at  least  30  per  cent,  of 
metallic  gold,  which  is  determined  by  adding  an  excess  of  potassium 
hydroxide  solution  to  a  solution  of  0.5  Gm.  of  gold  and  sodium  chlor- 
ide, adding  hydrogen  dioxide  solution,  and  heating  the  mixture  for 
an  hour  on  a  waterbath.  The  precipitated  metallic  ^Id  is  well 
washed  with  water  acidulated  with  hydrochloric  acid,  dried  and 
ignited,  and  should  then  weigh  not  less  than  0.15  Gm.,  which  corres- 
ponds to  at  least  30  per  cent  of  the  0.5  Gm.  taken.  The  reactions 
involved  in  the  test  may  be  indicated  by  the  following  equations  t 
2AuCl,  4-  12KOH  =  2K,Au03  +  6KC1  +  6H,0  and  2K3AUO3  + 

SH^o, = 2Au  +  30, + ekOH. 

Gold  chloride  being  readily  reduced  by  contact  with  organic 
matter,  all  such  mixtures  should  be  avoided;  and  as  the  official 
preparation  is  chiefly  used  in  pill-form,  non-oxidizable  excipients. 
only  should  be  employed  (see  also  page  346). 

THE  COMPOUNDS  OF  SILVER. 

Silver  Cyanide.  AgCN.— This  salt  may  be  prepared  either 
hy  passing  freshly  distilled  hydrocyanic  acid  into  a  solution  of  silver 
nitrate  or  by  adding  a  solution  of  the  latter  salt  to  a  solution  of 
pure  potassium  cyanide  as  long  as  a  precipitate  continues  to  be 
formed.  In  either  case  the  precipitate  must  be  well  washed  with 
water  and  dried  in  a  dark  place. 

Silver  cyanide  becomes  discolored  upon  exposure  to  light,  and 
must  therefore  be  kept  in  dark  bottles.  It  is  used  in  pharmacy 
solely  for  the  extemporaneous  preparation  of  diluted  hydrocyanic 
acid. 
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The  Pharmacopoeia  requires  09.9  per  cent,  purity  for  silver  era- 
nide,  which  is  conveniently  determinea  by  heating  the  salt  in  a  poiw- 
lain  crucible  and  weighing  the  metallic  residue.  As  pure  silver 
cyanide  contains  80.54  per  cent,  of  silver,  the  residue  left  after 
expulsion  of  the  cyanogen  should  amount  to  80.46  (80.459+)  per 
cent,  of  metallic  silver^  provided  the  salt  corresponds  to  the  offidfll 
requirements. 

Silver  Nitrate.  AffNO,. — This  salt  is  preferably  made  from 
pure  silver,  and  in  oroer  to  obtain  a  product  free  from  acid  the 
metal  is  dissolved  in  nitric  acid,  the  solution  evaporated  to  dryness, 
the  residue  fused  and  redissolved  in  water,  the  solution  filterei  and 
allowed  to  crystallize.  The  evaporation  to  dryness  and  fusion  of 
the  residue  are  for  the  purpose  of  expelling  any  uncombined  acid 
present,  which,  if  the  first  solution  were  allowed  to  crystallize  would 
to  some  extent  be  retained  mechanically  within  the  crystals :  a  tem- 
perature exceeding  200°  C.  (392°  F.)  must,  however,  be  avoided, 
lest  some  of  the  silver  nitrate  be  reduced  to  nitrite. 

Silver  nitrate  is  easily  decomposed  by  contact  with  organic  matter, 
and  when  exposed  to  light  gradually  assumes  a  gray  color ;  hence 
proper  precautions  must  be  observed  in  keeping  and  dispensing  it 

The  Pharmacopoeia  requires  absolute  purity  for  crystallized 
silver  nitrate,  which  is  determined  by  titration  with  ^  sodium 
chloride  solution.  An  excess  of  the  latter  is  added  and  then  re- 
titrated  with  y^  AgNOj  solution.  The  equation  AgNO,  +  NaCl  = 
AgCl  +  NaNOj  shows  that  168.69  parts  of  the  silver  salt  require 
58.06  parts  of  sodium  chloride  for  complete  precipitation ;  hence 
each  Cc.  ;^u^  NaCl  solution  corresponds  to  0.016869  Gm.  AgNOj,and 
0.5  Gm.  of  silver  nitrate,  as  directed  in  the  official  test,  if  of  99.9 
per  cent,  purity,  will  require  not  less  than  29.6  (30  —  0.4)  Cc  of 
the  sodium  chloride  solution,  for  99.9  per  cent,  of  0.5  is  0.4996,  and 
0.4995  -H  0.016869  =  29.61. 

mitigated  Silver  Nitrate. — This  preparation,  also  known  as 
diluted  silver  nitrate,  differs  from  the  preceding  in  containing  onlj 
33.33  per  cent,  of  pure  silver  nitrate,  and  being  much  milder  in  its 
■action,  is  also  known  as  mitigated  caustic.  It  is  made  by  fusing 
together  30  parts  of  silver  nitrate  and  60  parts  of  potassium  nitrate, 
and,  when  a  smooth,  uniform  mixture  results,  pouring  the  molten 
mass  into  suitable  moulds,  usually  of  a  narrow  cone  shape. 

The  amount  of  pure  silver  nitrate  present  in  any  sample  may  be 
ascertained  by  means  of  -^  sodium  chloride  solution,  an  excess  of 
which  is  addcsi  and  determmed  subsequently  by  retitration  with  y;^ 
silver  nitrate  solution,  using  potassium  chromate  as  an  indicator,  as 
already  explained  in  the  preceding  article.  In  the  official  test  1  Gm. 
of  "  "  ■        "  -       - 
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Moulded  Silver  Nitrate. — Under  this  name  the  Pharmaco- 
poeia recognizes  a  mixture  of  silver  nitrate  and  chloride,  containing 
5  per  cent,  of  the  latter  salt,  and  prepared  by  adding  1  part  of 
hydrochloric  acid  to  25  parts  of  pure  silver  nitrate,  melting  the 
mixture  at  as  low  a  temperature  as  possible  and  casting  the  mass  in 
moulds.  The  object  of  converting  a  part  of  the  silver  nitrate  into- 
chloride  is  to  render  the  resulting  mass  less  brittle. 

The  synonym  lunar  causticy  given  to  this  preparation  in  the  U.  8. 
Pharmacopceia,  does  not  correspond  with  the  same  term  commer- 
cially,  which  is  usually  applied  to  pure  silver  nitrate  moulded  into 
sticks,  as  also  indicated  in  the  British  Pharmacopceia.  The  latter 
authority  applies  the  name  toiighened  caustic  (argenti  nitras  indu- 
ratus)  to  a  mixture  of  95  parts  of  silver  nitrate  and  5  parts  of  potas- 
sium  nitrate. 

The  valuation  of  moulded  silver  nitrate  is  made  exactly  as  in  the 
case  of  mitigated  silver  nitrate.  As  it  is  required  to  contain  not 
less  than  94.8  per  cent,  of  pure  silver  nitrate,  at  least  28.1  Cc.  of  -^ 
sodium  chloride  solution  will  be  required  in  the  official  test,  for  94.8 
per  cent,  of  0.5  is  0.4740,  and  0.4740  h-  0.016869  =  28.1.  Like  all 
silver  salts,  this  one  must  also  be  protected  from  light  to  prevent 
discoloration. 

Silver  Oxide.  AgjO. — This  compound  may  be  obtained  by 
adding  a  solution  of  pure  silver  nitrate  to  a  solution  of  potassium  or 
sodium  hydroxide,  washing  the  resulting  precipitate  well  with  water^ 
and  finally  drying  the  same  on  a  water-bath.  Ammonia  water  is  not 
suitable  for  the  process,  since  it  forms  a  soluble  compound  with  the 
oxide,  having  the  composition  AgjO  +  NHj. 

When  ignited  in  a  porcelain  crucible  silver  oxide  should  yield 
92.9  per  cent,  of  its  weight  of  metallic  silver,  corresponding  to  99.8 
per  cent,  of  pure  oxide.  It  is  rarely  employed  in  medicine  at  the 
present  time,  and  should  always  be  kept  in  dark  amber-colored  hot* 
ties  to  avoid  reduction.  It  is  quickly  decomposed  by  oxidizing 
agents,  and  should  never  be  triturated  with  organic  substances. 


ORGANIC  SUBSTANCES. 


Undeb  this  head  are  classified  those  many  oompounds  of  carbon, 
hydrogen,  and  oxygen,  frequently  associated  with  nitrogen,  sulphur. 
phosphorus,  and  other  elements,  which  are  chiefly  derived  from  the 
vegetable  kingdom ;  a  few  are  obtained  also  from  the  animal  king- 
dom, and  some  are  produced  synthetically. 

Prior  to  1828,  when  Woehler  announced  to  the  scientific  world 
the  successful  synthetic  production  of  urea,  an  excretory  product  of 
the  animal  economy,  solely  from  inorganic  material,  thereby  estab- 
lishing the  intimate  relationship  between  organic  and  inorganic 
matter,  the  agency  of  a  peculiar  vitalizing  force  was  considered 
essential  for  the  formation  of  all  so-called  organic  bodies.  No  ele- 
ments unknown  tr>  the  mineral  kingdom  have  ever  been  found  in 
organic  bodies,  and  the  one  feature  which  serves  to  distinguish  this 
very  large  class  of  chemical  compounds  from  those  commonly  desig- 
nated as  inorganic  substances  is  the  invariable  presence  of  carbon; 
the  term  carbon  compounds  is  therefore  most  appropriately  applied 
to  them. 

The  simplest  form  of  carbon  compounds  are  ^he  hydrocarbons, 
-composed  exclusively  of  carbon  and  hydrogen ;  of  these,  two, 
methane,  CH4,  and  benzene,  CgHj,  may  be  said  to  be  the  source  of 
all  organic  compounds,  the  constitution  of  which  has  thus  far  been 
«tudiea  and  explained.  The  derivatives  of  these  two  hydrocarbons 
•differ  so  widely  in  their  properties  that  they  have  been  conveniently 
grouped  into  two  main  classes,  designated  as  fatty  and  aromatic 
•compounds,  respectively. 

It  is  not  within  the  scope  of  this  book  to  enter  into  a  detailed 
€tudy  of  the  so-callefl  organic  substances,  and  attention  will  be  given 
only  to  those  of  pharmaceutical  interest. 
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CHAPTER  LIII. 

CELLULOSE  AND  ITS  DERIVATIVES. 

All  plants  are  made  up  of  certain  proximate  principles^  to 
which  they  owe  their  growth  and  value  as  nourishing  or  medicinal 
agents.  The  mast  widely  diffused  substance  in  the  vegetable  king- 
dom is  cellulose  or  cell  membrane^  which  goes  to  make  up  the  body 
of  ail  plants.  During  the  growth  and  development  of  plants  some 
of  the  cell  membrane  undergoes  a  change,  becoming  gradually  hard 
and  woody ;  to  this  modified  form  of  cellulose  the  name  lignin  has 
been  given,  and  the  woody  fibre  of  plants  is  assumed  to  be  a  combi- 
nation of  cellulose  and  lignin,  called  lignose.  Cellulose  and  lignin 
being  insoluble  in  all  ordinary  solvents,  the  chief  object  in  pharma- 
ceutical processes  is  to  extract  from  them,  by  appropriate  treatment, 
the  many  valuable  principles  they  often  enclose  and  upon  which  the 
medicinal  value  of  vegetable  drugs  depends. 

Lignin  has  not  yet  been  obtained  in  a  pure  state,  but  pure  cellu- 
lose has  been  isolated  as  a  colorless,  odorless,  and  tasteless  gelatinous 
mass,  which,  upon  drying,  forms  a  horny  substance,  or  may  be 
obtained  as  a  wnite  powder.  It  is  soluble  in  a  solution  of  cupric 
hydroxide  in  ammonia  wat«r,  known  as  Schweitzer's  reagent,  form- 
ing a  mucilaginous  fluid  which,  after  dilution,  admits  of  filtration, 
and,  upon  addition  of  an  acid,  is  again  precipitated.  The  elementary 
composition  of  pure  cellulose  corresponds  to  the  formula  CgHi^Oj, 
or  multiples  thereof,  as  CiaHa^Oio  or  CigHjoOij. 

Cellulose  is  officially  recognized  in  the  form  of  gossypium,  or 

cotton,  and  patent  lint  and  paper  are  further  examples  of  it.    When 

heated  with  potassium  or  sodium  hydroxide  it  is  gradually  converted 

into  oxalic  acid,  alkali  oxalates  being  formed,  and,  if  boiled  with 

diluted  sulphuric  acid,  dextrin  is  produced,  which  is  finally  changed 

into  dextrose,  from  which  alcohol  can  be  obtained  by  fermentation. 

Immersed  in  strong  sulphuric  acid,  cellulose  undergoes  conversion 

into  a  substance  called  amyloid,  upon  which  the  preparation  of 

parchment  paper  depends,  the  pores  of  the  paper  becoming  filled 

-with  this  modified  cellulose,  and  thus  made  tough  and  impervious  to 

water.     Prolonged  contact  of  the  paper  with  strong  sulphuric  acid, 

however,  is  hurtful,  the  resulting  product  becoming  friable ;  hence 

the  best  results  are  obtained  if  the  paper  be  simply  drawn  through 

a  mixture  of  two  parts  of  concentrated  sulphuric  acid  and  one  part 

of  water,  and  then  immediately  well  washed  with  water. 
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Official  purified  cotton,  commercially  known  as  absorbent  cotton, 
is  prepared  by  first  boiling  carefully  carded  cotton  in  a  weak 
alkaline  solution,  for  the  purpose  of  removing  fatty  matter,  after 
which  it  is  rinsed  in  water  and  immersed  in  a  weak  solution  of 
chlorinated  lime*.  It  is  subsequently  washed  in  water  slightljaeidi)- 
lated  with  hydrochloric  acid,  and  again  well  rinsed  in  water.  If  the 
cotton  still  retains  fat,  the  treatment  with  alkali  is  repeated  antil  the 
final  product  is  found  completely  absorbent.  For  the  more  thoroogii 
removal  of  water  after  washing  the  cotton  recourse  is  had  to  cen- 
trifugal machines,  by  means  of  which  the  material  is  rapidly  drieA 

Medicated  cotton  is  usually  prepared  by  impregnating  absorbent 
cotton  with  a  solution  of  the  medicinal  agent  in  alcohol  and  djcerin^ 
and  subsequently  drying ;  the  glycerin  not  being  volatilized,  serves 
as  an  adhesive  agent  for  retaining  the  active  ingredient  od  the  fibre 
of  the  cotton.     The  solution  is  used  of  a  definite  strength  and  in 
such  quantity  that  the  whole  of  it  will  be  absorbed  by  and  satonle 
the  material.     Benzoated,  borated,  carbolated,  iodized,  salicvlated, 
and  other  medicated  cotton  is  prepared  in  this  or  a  similar  manneT. 
The  percentage  of  medicinal  agent  present  must  be  calculated  on  the 
basis  of  finished  product,  irrespective  of  any  adhesive  agent  that  may 
have  been  employed,  and  whicn  naturally  forms  a  part  of  the  finished 
product ;  thus,  25  Gm.  of  10  per  cent,  borated  cotton  should  contain 
2.5  Gm.  of  boric  acid,  or  10  Gm.  of  5  per  cent,  carbolated  cotton 
should  contain  0.5  Gm.  of  pure  carbolic  acid,  etc      It  has  been 
suggested  that  impregnation    of  cotton  with  a  5  or  10  per  cent. 
solution  of  any  medicinal  agent  would  constitute  such  cotton  a  5  or 
10  per  cent,  medication  ;  but  such  an  assumption  is  erroneous^  since 
the  absolute  quantity  of  medicinal  agent  retained  by  the  cotton  muj?t 
always  be  uncertain  and  variable  in  its  relation  to  the  weight  of  the 
finished  product. 

Cellulose  and  lignose  both  furnish  most  valuable  pharmaceutical 
derivative  products,  the  former  by  appropriate  treatment  with  nitric 
acid,  and  the  latter  by  dry  distillation. 

Pjrroxylin. — ^Under  this  name  the  United  States  and  British 
Pharmacopoeias  recognize  a  compound  soluble  in  a  mixture  of  al«>- 
hoi  and  ether,  and  better  known  as  collodion  cotton,  since  it  is  u«d 
extensively  in  the  preparation  of  collodion  ;  the  name  colloxylin  J^ 
also  used  as  a  synonym  in  this  country.  In  Cbntinental  Europe  tk- 
two  terms  are  not  considered  synonymous,  the  name  pyroxylin  bemg 
applied  to  insoluble  gun-cotton,  and  colloxylin  to  soluble  oollodi<>a 
cotton.  Pyroxylin  is  usually  prepared  by  macerating  purified  cott<« 
in  a  cooled  mixture  of  14  volumes  of  nitric  acid  and  22  volumes  <•! 
sulphuric  acid  until  the  cotton  has  become  soluble  in  a  mixture  of  1 
volume  of  alcohol  and  3  volumes  of  ether,  then  removing  all  adher- 
ing acid  by  washing  first  with  cold  and  then  with  boiling  water,  sm 
finally  drying  the  product  in  small  portions  at  a  moderate  heat  (6*^ 
C.  (140°  F.). 
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When  cotton  is  thoroughly  imbued  with  strong  nitric  acid,  cellu* 
lose  nitrates  and  water  are  formed ;  thus,  CgHi^Oj  +  2HNO3  = 
C^B^(^0^}jd^  +  2H2O.  The  exact  character  of  the  reaction  depends 
upon  the  strength  of  the  acid  used,  the  tempei^ture  at  which  the 
cotton  is  immersed,  and  the  length  of  time  maceration  is  continued ; 
thus,  di-,  tri-,  tetra,  penta-,  and  hexanitrate  may  be-  produced.  The 
last  two  compounds  are  insoluble  in  alcohol  and  ether,  and  hence 
unfit  for  the  purposes  of  official  pyroxylin,  which  latter  probably 
consists  of  a  mixture  of  cellulose  di-  and  trinitrate.  It  is  important 
that  the  acids  used  be  of  official  strength,  and  that  the  acid  mixture^ 
which  becomes  heated,  be  allowed  to  cool  to  32*^  C.  (90°  F.)  before 
the  cotton  is  added,  otherwise,  in  the  latter  case,  the  higher  nitrates 
are  formed  and  the  staple  of  the  cotton  is  destroyed ;  if  weak  acids 
be  employed,  prolonged  maceration  becomes  necessary  and  imperfect 
nitration  may  result ;  in  either  case  the  product  is  insoluble. 

In  order  that  the  cotton  may  be  completely  saturated  with  the 
acid  mixture,  it  should  be  introduced  in  small  portions,  by  the  aid 
of  a  glass  rod.  The  sulphuric  acid  used  takes  no  part  in  the  reac- 
tion, but  facilitates  the  same  by  absorbing  the  water  which  is  elimi* 
Dated. 

Pyroxylin  was  at  one  time  looked  upon  as  a  nitro  substitution- 
compound,  and  called  nitrocellulose,  the  group  NO2  having  been 
supposed  to  replace  hydrogen  in  cellulose.     Further  studies  of  cellu- 
lose and  the  behavior  of  pyroxylin  toward  reagents  have  shown  the 
latter  compound  to  be  a  nitric  acid  ester  or  compound  ether,  formed 
by  the  displacement  of  hydrogen  in  the  hydroxyl  groups  by  the 
nitric  acid  radical,  as  shown  by  the  formula  C^jfi^O^^^  or  QH^ 
(ON02)s02.     The  correctness  of  this  view  is  shown  by  the  fact  that 
nitric  acid  can  be  abstracted  from  cellulose  nitrates  by  treatment 
^^ith  alkalies,  and  can  also  be  completely  displaced  by  concentrated 
sulphuric  acid,  even  in  the  cold.     All  cellulose  nitrates  can  be  con- 
verted back  into  cellulose  by  reducing  agents,  and  the  degree  of 
nitration  can  be  definitely  determined  by  treatment  with  ferrous 
sulphate  and  hydrochloric  acid,  the  nitric  oxide  liberated  being  col- 
lected in  a  graduated  tube,  and  from  this  the  amount  of  nitric  acid 
present  can  be  calculated ;  the  following  equation  explains  the  reac- 
tion :    2C,H7(ON02)302  +  18Ha  +  ISFeSO,  =  2C,HioO,  +  6NO 
+  6Fe^SO,)3  +  SFe^Cl.  +  6HA 

X^yroxylin  is  used  in  pharmacy  exclusively  in  the  preparation  of 
plain  and  medicated  collodion  (see  page  313),  but  has  met  with  more 
extensive  application  in  the  arts  in  the  manufacture  of  celluloid,  a 
mucture  of  pyroxylin  and  camphor. 

The  Products  of  distillation.— When  wood  is  subjected  to 
he&t  in  air-tight  cylinders  or  retorts  a  number  of  new  substances  are 
obtained,  as  a  result  of  destructive  distillation,  the  character  of  which 
depends  largely  upon  the  degree  of  heat  employed  and  the  care  with 
ivliioh  the  process  has  been  conducted,  ^th  liquid  and  gaseous 
39 
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products  are  formed  and  distil  over,  when  the  solid  residae  is  either 
charcoal  or  the  original  wood  employed,  but  slightly  altered  in 
appearance.  The  liquid  distillates  include  an  acid  fluid  and  tar; 
the  former  is  known  as  pyroligneous  acid  or  wood  vin^ar,  which 
contains,  besides  acetic  acid,  acetone,  C^H^O,  methyl  or  wood  alco- 
hol, CH3OH,  fiirfurol,  CjH.O^  catechol  or  pyrocatechin,  CjH,(OH)^ 
and  other  substances. 

Pyroligneous  acid  is  not  recognized  in  our  Pharmaoopceia,  but 
is  official  in  the  German  Pharmacopoeia  as  Acetum  Ptfrolignowmy 
both  the  crude  and  rectified  varieties  being  named.  The  former  is 
described  as  a  brown  liquid  containing  at  least  6  per  cent,  of  acetic 
acid,  and  the  latter  as  a  yellowish  liquid  containing  at  least  5  pr 
cent,  of  acetic  acid  ;  both  liquids  have  a  decided  empyreumatic  ocior. 

Acetic  Acid.  HO^^^Os  O^  OH,OOOH.— Although  this  acid 
can  be  produced  by  oxidation  of  weak  alcoholic  liquids,  it  is  obtained 
for  the  trade  indirectly  from  wood. 

Formerly  much  acetic  acid  was  obtained  in  the  form  of  wood- 
vinegar  or  pyroligneous  acid,  by  destructive  distillation  of  oak-wood 
in  large  iron  retorts  kept  at  a  temperature  of  205°  C.  (401°  F,). 
This  crude  acid  liquid,  of  slight  yellowish  color,  was  neutralized  with 
soda-ash  or  sodium  carbonate  and  evaporated,  the  resulting  sodium 
acetate  being  then  roasted  to  destroy  empyreumatic  products  and  to 
<lrive  off  water  and  other  volatile  matter.     Upon  finally  treatine 
the    sodium  acetate  in  suitable  stills  with  sulphuric  acid,  purified 
acetic  acid  was  obtained.     This  plan  has,  however,  been  abandoned 
by  manufacturers,  who  now  prefer  to  procure  the  acetic  acid  in 
the  form  of  calcium  acetate  from  charcoal-burners,  and  then  bring 
this  into  solution  and  decompose  it  with  sodium  sulphate,  whereby 
calcium  sulphate  is  precipitated  and  sodium  acetate  remains  in  solu- 
tion, which  is  then  filtered  and  further  treated  as  above  explained. 

If  wood  is  distilled  at  temperatures  above  230°  C.  (446°  F.),  as 
in  the  manufacture  of  charcoal,  tlie  resulting  wood  vinegar  is  more 
or  less  highly  colored  and  possesses  a  strong  empyreumatic  odor.  It 
requires  a  tedious  process  of  purification  by  means  of  milk  of  lime, 
whereby  soluble  c^cium  acetate  is  formed  and  many  inapurities  art 
precipitated  as  insoluble  calcium  compounds. 

Chemically,  acetic  acid  may  be  looked  upon  as  methane  or  marsh* 
gas  (CHJ,  in  which  an  atom  of  hydrogen  has  been  replaced  by  the 
carboxyl  group,  COOH,  forming  a  monobasic  acid  ;  thus,  CH, 
COOH  =  HC2H3O2.  It  is  a  remarkably  stable  acid,  and,  alUiougii 
rich  in  oxygen,  is  not  decomposed  at  moderately  high  temperatures. 
nor  is  it  readily  affected  by  oxidizing  or  reducing  agent& 

The  Pharmacopoeia  recognizes  three  grades  of  acetic  acid,  whieb 
are  officially  designated  as  glacial  acetic  acid,  acetic  acid,  and  diluteJ 
acetic  acid,  and  contain,  respectively,  99,  36,  and  6  per  cent,  of  ab?i> 
lute  HC2H3O2.  The  three  acids,  recognized  by  the  same  names  ir 
the  British  Pharmacopoeia,  correspond  verj'  closely  in  strength  ti» 
the  above,  containing  99,  33,  and  4.27  per  cent,  of  absolute  acetir 
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acid,  respectively ;  but  in  the  Grerman  Pharmacopoeia  the  term  acetic 
acid  is  used  to  aesignate  a  solution  containing  96  per  cent,  of  abso- 
lute acid,  while  the  German  diluted  acetic  acid  contains  30  per  cent. 
Specific  gravity  is  of  no  value  in  the  examination  of  acetic  acid, 
since  the  maximum  density  is  reached  in  an  80  per  cent,  solution ; 
beyond  this  point  the  specific  gravity  again  decreases  until  absolute 
acetic  acid  is  reached,  having  a  density  of  1.053.     Official  glacial 
acetic  acid  and   an   acid  of  46  per  cent  have   the  same  specific 
mvity,  1.068,  at  15°  C.  (69°  F.),  and,  if  dilute  with  water,  the 
density  of  the  weaker  acid  only  will  fail,  that  of  the  stronger  acid 
increasing;    between  73  and  84  per  cent,  acetic  acid  the  specific 
gravity  IS  almost   stationary,  the   rise  between   these   two  points 
amounting  to  not  more  than  0.0008.     Titration  with  normal  alkali 
solution,  as  directed  in  the  Pharmacopoeia,  is  the  only  correct  means 
of  ascertaining  the  strength  of  acetic  acid  solutions,  each  Cc.  of  \ 
KOH  solution  corresponding  to  0.05958  Gm.  of  absolute  HC^HjOj, 
as  shown  by  the  equation  KOH  +  HC2H3O2  =  KC^HjOa  +  H^O. 

Glacial  acetic  acid  is  obtained  by  distilling  anhydrous  sodium 
acetate  with  highly  concentrated  sulphuric  acid  and  exposing  the 
resulting  liquid  to  a  temperature  below  10°  C.  (50°  F.) ;  after  crys- 
tallization has  taken  place  the  remaining  liquid  may  be  drained 
ofi^  and  again  exposed  to  cold  to  secure  a  further  yield  of  crystals. 
Glacial  acetic  acid  of  official  strength  should  retain  its  crystalline 
form  until  a  temperature  of  at  least  15°  C.  (59°  F.)  is  reached,  when 
It  slowly  begins  to  liquefy ;  some  of  the  so-called  glacial  acetic  acid 
of  commerce  is  simply  a  strong  solution,  containing  from  75  to  85 
per  cent,  of  absolute  acid,  and  does  not  solidify  at  a  temperature  of 
^°  C.  (41°  F.)  or  even  lower. 

Glacial  acetic  acid  readily  absorbs  moisture  from  the  air  and 
must  therefore  be  preserved  in  tiehtly-stoppered  bottles.  At  ordi- 
nary room-temperature  it  is  a  colorless  liquid,  but  when  the  tem- 
perature falls  below  15°  C.  (59°  F.)  it  congeals  to  a  crystalline  mass 
and  remains  in  that  condition  during  cold  weather.  It  has  been 
employed  as  an  excellent  solvent  for  certain  volatile  oils,  resins,  and 
fatty  bodies. 

Official  acetic  acid  is  obtained,  like  the  glacial  acid,  bv  distilling 
sodium  acetate  with  sulphuric  acid  and  finally  adjusting  the  strength 
to  the  requirements  of  the  Pharmacopoeia.  It  should  contain  36  per 
cent,  of  absolute  acetic  acid,  and  is  used  in  pharmacy  chiefly  for 
the  preparation  of  the  official  diluted  acid,  and  also  as  an  addition  to 
the  menstruum  employed  for  tincture  of  sanguinaria  and  several 
extracts  and  fluidextracts. 

Acetic  acid  for  pharmaceutical  purposes  should  be  free  from 
erapyreuma,  which  may  be  detected  by  means  of  potassium  perman- 
ganate,  the  color  of  which  is  readily  discharged  by  empyreumatic 
substances.  Upon  neutralizing  the  acid  with  alkali  and  warming, 
no  foreign  odor  should  be  perceptible. 

Pharmacists  will  find  it  to  their  interest  to  purchase  strong  aortic 
acid  and  dilute  this  to  suit  their  requirements,  according  to  the  rule 
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^ven  on  page  73.  Acetic  acid  of  60  and  80  per  cent.  8lreng)li  cm 
be  purchased  from  reliable  luanuiacturers  at  a  relatively  lower  piice 
than  the  official  acid. 

During  the  past  ten  years  many  experiments  have  been  nude 
with  the  view  of  utilizing  acetic  acid  in  place  of  alrohol  fortbea- 
traction  of  aromatic,  alkaloidal,  and  resinous  principles  from  vep- 
table  drugs.  The  results  thus  far  have  been  satisfactory  with  book 
drugs,  but  wholly  unsatisfactory  with  others,  especially  as  n^irds 
the  permanency  of  the  finished  product,  and  there  is  little  probibiliir 
of  its  extended  use  for  the  purpose  intended.  The  Phannaoopsii,  in 
an  experimental  way,  has  adopted  the  use  of  10  per  cent,  acetic  »fid 
as  a  menstruum  for  3  of  the  omcia)  fluidextnicts,  and  also  directs  Ibe 
same  menstruum  for  extraction  of  nux  vomica,  in  the  prepantioo  of 
the  powdered  extract  of  that  drug,  with  the  view  of  avoidiag  solu- 
tion of  the  fatty  constituents. 

As  the  Pharmacopceia  requires  the  official  acetic  acid  to  conutn 
36  per  cent,  of  absolute  HCjH,Oi,  each  Gm,  of  the  acid  will  neu- 
tralize exactly  6  Cc.  of  normal  potassium  hydroxide  boIu- 
Fia.  298.  tion.  The  commercial  variety  of  acetic  acid  known  « 
"  No.  S "  should  never  be  used  in  place  of  the  afficiil 
acid,  as  it  is  weaker,  containing  only  30  per  cent  of 
absolute  acid. 

Diluted  acetic  acid,  recommended  in  the  I^nnu»- 
poeia  in  place  of  commercial  vinegar  as  a  menstnium  for 
several  official  preparations,  ia  made  by  mixing  lOOGm. 
of  the  36  per  cent,  acid  with  500  6m.  of  water,  inl 
contains,  tnerefore,  6  per  cent,  of  absolute  HC^p? 
Its  advantages  over  ordinary  vinegar  are  purity  and  uni- 
formity of  strengtli,  besides  which  the  entire  abeeort 
of  color  enables  it  to  be  used  for  colorless  solutions,  soA 
as  Spirit  of  Minderenis  and  the  like. 

while  titration  with  normal  alkali  solution  isalwa,'"* 
to  be  preferred  as  a  means  of  ascertaining  the  strei^tJi 
of  dilute  solutions  of  acetic  acid,  other  methods  are  ils" 
employed,  such  as  neutralization  with  sodium  or  pwa-- 
Mum  bicarbonate,  or  with  a  standard  ammonia  solutiriD, 
in  an  instrument  known  as  Otto's  acetometer  {see  Fy- 
296).  The  latter  method  is  largely  used  in  vinc^r  estab- 
lishments, and  gives  results  accurate  to  within  0.2  p<r 
cent.  The  acetometer  oonsiste  of  a  graduated  glass 
I  cylinder   with   rounded   bottom,   36    centimeters  (W--t 

[    inches)  in  length  and  2  centimeters  (0.8  inch)  intenu! 
diameter.     The  lower  two  graduations,  marked  a  aiw  ''. 
indicate  a  volume  of  1  and  10  Cc.,  respectively  ;  while  Ae 
upper  part,  from  b  to  12,  is  divided  into  48  spaces,  eaA 
•cewmSter.    equivalent  to  0.62  Cc. ;  hence  the  large  space  betwwn 
any  two  figures   represents  2.08  Cc,     The  solution  pi 
ammonia  used  for  the  test?  contains  1-4  per  cent,  of  absolute  NH- 
and  is  prepared  by  mixing  14  Gm,  of  official  10  per  cmt.  ammooti- 
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water  with  86  Gm.  of  distilled  water ;  every  2.07  Gm.  of  the  solu- 
tion measures  2,08  Cc.  and  corresponds  to  0.1  Gm.  of  absolute 
HCgHjOp.  When  vinegar  is  to  be  tested,  1  Cc.  of  litmus  test- 
solution  is  first  poured  mto  the  tube,  10  Cc.  of  vin^ar  are  then 
added,  whereby  the  color  of  the  litmus  solution  is  changed  to  red, 
and  finally  sufficient  of  the  above  mentioned  ammonia  solution 
until,  with  gentle  agitation,  the  blue  color  of  the  liquid  is  restored. 
From  the  volume  of  ammonia  solution  used,  as  shown  by  the 
graduated  cylinder,  the  amount  of  absolute  acetic  acid  present  can 
readily  be  calculated. 

Trichloracetic  Acid.  HOaOlsOj  or  OOI3OOOH.— When  chlo- 
rine is  allowed  to  act  on  acetic  acid,  mono-,  di-,  and  tri-  substitution 
compounds  are  formed.  The  latter,  known  as  trichloracetic  acid,  is 
official  in  the  U.  8.  Pharmacopoeia.  It  may  be  prepared  by  adding 
fuming  nitric  acid  to  fused  hydrated  chloral  and  setting  the  mixture 
aside  until  red  vaix>rs  cease  to  be  formed,  after  which  it  is  distilled, 
that  portion  coming  over  above  190°  C.  (374^  F.)  and  consisting  of 
pure  trichloracetic  acid  being  collected. 

Trichloracetic  acid  occurs  in  colorless  deliquescent  crystals,  readily 
^uble  in  water,  alcohol,  and  ether.  It  should  be  preserved  in  dark 
amber-colored,  tightly-stoppered  bottles.  When  mixed  with  ^  its 
weight  of  water  it  forms  a  permanently  liquid  mixture.  The  acid  is 
u.sed  as  a  cauterizing  agent  in  minor  surgery,  but  never  employed 
internally. 

Among  the  substances  associated  with  acetic  acid  in  crude  wood 
vinegar  are  two  of  greater  interest  to  pharmacists  than  the  rest — 
acetone  and  methyl  alcohol. 

Acetone.    OjELfi  or  OH3OOCH3. — This  compound,  at  one  time 
also  known  as  pyroacetic  ether  or  pyroacetic  spirit,  was  formerly  ob- 
tained on  a  commercial  scale  solely  by  the  destructive  distillation  of 
acetates  (chiefly  calcium  acetate),  but  in  1895  a  process  was  devised 
by  the  late  Dr.  £.  R.  Squibb  for  decomposing  acetic  acid  vapor  at  a 
high  temperature,  between  500°  and  600°  C.  (932°  and  1112°  F.), 
in  a  specially  constructed  iron  rotary  apparatus,  whereby  a  large 
yield   of  fairly  pure  acetone  may  be  secured.     The  crude  acetone 
thus  obtained  is  afterward  purified  by  dehydration  with  caustic  lime 
and  redistillation.     The  decomposition  of  acetic  acid  vapor  results  in 
the  formation  of  acetone  and  carbon  dioxide,  with  the  liberation  of 
water  ;  thus,  2HC2HSO2  =  C^Ilfi  +  CO,  +  HgO.     The  process  and 
apparatus  are  fully  described  in  Ephemerisy  vol.  iv..  No.  3. 

Chemically,  acetone  belongs  to  the  class  of  compounds  known  as 
ketones,  which  consist  of  two  alcohol  radicals  united  by  means  of 
the  bivalent  group  CO,  called  carbonyl ;  hence  acetone  is  called  also 
dimethyl  ketone,  and  may  be  looked  upon  as  acetic  aldehyde, 
CH3COH,  in  which  a  hydrogen  atom  is  replaced  by  the  methyl 
group. 
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Acetone  is  now  extensively  employed  for  the  manufacture  of 
chloroform,  and  has  been  found  a  valuable  solvent  for  oleoresios^ 
collodion  cotton,  etc.  When  pure  it  is  a  colorless,  mobile,  voSmr 
mable  liquid  of  0.790  specific  gravity  at  25^  C.  (77^  F.),  and  boil- 
ing at  56.5°  C.  (133.7°  F.).  It  is  miscible  in  all  proportioos 
with  water  and  alcohol,  hence  the  commercial  article  is  somedmes 
found  contaminated  with  these  substances.  The  Pharmacopoeia 
demands  not  less  than  99  per  cent,  purity,  which  is  now  readily 
obtainable. 

Acetone  is  also  used  in  the  manufacture  of  certain  chemical  com- 
pounds, such  as  chloroform,  iodoform  etc.,  considered  elsewhere. 
Asides  these  the  following  derivative  is  officially  recognized : 

Snlphonmethane.    O^^JAj!}^  or  (OHs)20(S0202H9),.-'AIthough 

the  Pharmacopoeia  has,  for  the  sake  of  more  convenient  brevity, 
adopted  the  present  official  title,  tlie  true  chemical  name  of  the  com- 
pound is  diethylsulphone-dimethylmethane.     It  is  best  knowD  by 
Its  trade-name,  under  which  it  was  first  introduced  into  medicine^ 
sulphonal,  and  is  also  recognized  by  this  name  in  the  British  asd 
German  Pharmacopoeias.     The  first  step  in  its  manufacture  is  the 
preparation  of  mercaptol  or  dithioethyl-dimethylmethane,  (CHj)jC- 
(80,115)2,  a  condensation  product  obtained  when  dry  hydrochloric 
acid  gas  is  passed  into  a  mixture  of  anhydrous  acetone  and  anbvdruus 
ethyl  hydrosulphide  (ethyl  mercaptan),  water  being  eliminated ;  thus 
2C2H5SH  +  CO(CH3)2  =  (CHajAsCjH^),  +  H2O.      Mercaptol  t 
an  oily  liquid  of  exceedingly  disagreeable  odor,  which  may  be  puri- 
fied by  washing  with  water  and  afterward  with  dilute  solution  of 
sodium  hydroxide.     Upon  agitating  mercaptol  with  a  6  per  cent, 
potassium  permanganate  solution  until  the  color  of  the  latter  remains 
oxidation   takes  place  and  snlphonmethane  is  formed.     The  nev 
product  may  be  obtained  absolutely  pure  by  crystallization  fitin 
water  or  alcohol. 

Snlphonmethane  occurs  in  the  form  of  colorless,  odorless,  and 
nearly  tasteless  crystals,  requiring  360  parts  of  water  for  solution  ai 
26°  C.  (77°  F.),  but  is  soluble  in  16  parts  of  boiling  water. 

Three  compounds  similar  to  sulphonal  have  been  introduced  a? 
hypnotics,  of  which  one  is  also  recognized  in  the  Pharmacopffia. 
methmial,  tetronalj  and  trional.  Methonal  is  chemically  dim^yi- 
sulphone-dimethylmethane,  (CH5)jC(SOjCHs)j,  and  tetronal  is  Ji- 
ethylsulphone-diethylmethane,  (C2Ha)2C(SOjC2H5)2 ;  both  are  maJe 
like  sulphonal,  except  that  in  the  case  of  methond  methyl  hydr(>^ 
sulphide  is  used  in  place  of  ethyl  hydrosulphide,  and  in  the  cm^  of 
tetronal,  diethylketone  is  used  in  place  of  acetone.  Trional  is  offi- 
cially recognized  under  the  name : 

Sillphonethylmethane. — This  compound  is  chemically  diethvi* 
sulphone-methyl-ethylmethane,  (CH3)(C2H5)C(80,C^5)j,  bnt  |- 
better  known  by  its  trade-name,  trional.     It  is  made  exactly  like  <»:!• 
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phonaly  except  that  acetone  is  replaced  by  metbylethylketoue, 
CH3COC2H5.  It  differs  from  sulphonal  chiefly  in  having  a  bitter 
taste  and  in  being  nearly  twice  as  soluble  in  cold  water,  requiring 
195  parts  for  solution  at  25°  C.  (77°  F.).  Sulphonethylmethane  is 
recognized  in  the  German  Pharmacopoeia  as  memylsiUphonal. 

Methyl    Alcohol.      OH^O  or'  OH^OH.— This  compound,  also 
known  as  wood  alcohol  and  at  one  time  called  wood  naphtha  and 
pyroxylic  spirit,  may  be  obtained  in  a  crude  state  by  distilling  wood 
vin^ar  after  neutralization  with  sodium  carbonate  or  milk  of  lime, 
and  collecting  the  first  portions  coming  over.     Wood  vinegar  usually 
contains  about  1  per  cent,  of  methyl  alcohol,  and  other  more  profit- 
able sources  are  perhaps  employed  for  commercial  pui*poses.   Methyl 
alcohol  may  be  purified  by  heating  in  a  water-bath  with  an  excess 
of  anhydrous  calcium  chloride,  with  which  methyl  alcohol  forms  a 
crystalline  compound,   CaClj  +  4CHsOH,  and,  after    all   volatile 
matter  has  been  dissipated,  mixing  the  crystals  with  water  and  dis- 
tilling, whereby  the  compound  is  split  up  and  dilute  methyl  alcohol 
recovered,  which  is  subsequently  dehydrated  with  lime  and  redis- 
tilled.    For  some  years  a  purified  methyl  alcohol,  containing  97-98 
per  cent,  of  CH3OH,  has  been  offered  under  the  name  (Mumbiari 
Spirity  but  should  never  be  used  for  pharmaceutical  purposes  on 
account  of  its  toxic  properties.     Experiments  made  during  the  past 
five  or  six  years  have  demonstrated  that  methyl  alcohol  does  not 
act  like  ordinary  or  grain  alcohol  when   administered   internally^ 
being  eliminated  less  rapidly,  and  frequently  causing  blindness  and 
other  grave  functional  disturbances.     Even  when  used  in  place  of 
grain  alcohol  for  the  preparation  of  external  remedies,  it  has  been 
found  to  act  as  a  poison,  and   hence  is  wholly  unfit  for  use   in 
pharmacy  and  medicine.     As  a  fuel   in   spirit  lamps  it  has  been 
preferred  on  account  of  its  lesser  cost;  for  the  same  reason  it  is 
used  in  the  place  of  erain  alcohol  for  the  preparation  of  varnishes 
and  for  other  technical  purposes,  but  unless  highly  purified  it  is 
even  then  objectionable,  as  its  vapor  has  proven  mjurious  to  many 
persons. 

Absolutely  pure  methyl  alcohol  is  best  prepared  by  distilling 
crystallized  methyl  oxalate  with  solution  of  potassium  hydroxide  ana 
then  dehydrating  with  lime ;  the  cost  of  such  an  article  is,  however, 
tw^o  or  three  times  as  high  as  that  of  absolute  ordinary  or  ethyl 
alcohol.     Pure  methyl  alcohol  boils  at  a  comparatively  low  tem- 
perature, 66°  C.  (150.8°  F.).     Crude  methyl  alcohol  has  been  used 
in    England  and  Germany  for  the  purpose  of  rendering  ordinary 
alcohol  unfit  for  other  than  technical  uses,  by  mixing  the  two  liquids ; 
in    Germany  a  further  addition  of  allyl  alcohol  and  acetone  is  pre- 
scribed.    Ethyl  alcohol  thus  mixed  is  known  in  England  as  metnyl- 
ated  spirit,  and  in  Germany  as  denaturated  alcohol ;  it  is  not  subject 
t4y  excise  tax. 
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Tar  and  its  Derivatives. — Like  wood  vinegar^  tar  is  a  complex 
mixture  containing  different  resins,  oils^  hydrocarbons,  phenols,  etc., 
and  yields  valuable  medicinal  products.  Official  tar  is  derived  &om 
pine  wood,  and  is  recognized  in  the  Pharmacopoeia  as  Fix  Liquida, 
or  liquid  pitch ;  by  distillation  it  yields  the  official  oil  of  tar  and  a 
hard  residue  known  as  black  pitch.  One  of  the  most  important  de- 
rivatives of  wood  tar  is 

Creosote.— This   is   a  mixture  of  phenol-like  bodies  consist- 
ing chiefly  of  eiiaiacol  and  creosol.     Beechwood  tar  is  richer  in 
creosote  than  that  derived  from  other  woods,  containiDg  nsoallj 
about   5  per  cent.,  and  is  therefore  a  more  economic^  gooic^. 
Upon  distilling  the  tar  a  light  and  a  heavy  oily  layer  are  obtained, 
together  with   an   acid   aqueous  distillate;  the  heavy  oil  is  sub- 
sequently treated  with  a  concentrated  solution  of  sodium  carbonate, 
to  remove  acid  constituents,  and  again  distilled.     That  portion 
of   the  second   distillate   heavier   than   water,  and  consisting  of 
impure  creosote,  is  dissolved  in  a  moderately  strong  solution  of 
potassa  or  soda;  any  oily  layer  separating  is  removed,  and  the 
creosote  precipitated  by  saturating  the  alkaline  solution  with  sul- 
phuric acid.   The  alternate  treatment  with  alkali  and  acid  is  repeated 
until  the  alkaline  solution  is  practically  free  from  color  and  does 
not  turn  brown  on  heating.     The  precipitated  creosote  is  finally 
washed  with  a  weak  alkaline  solution  and  water,* and  distilled,  that 
portion  distilling  between  200^  and  220°  C.  (392°-428°  F.)  being 
collected. 

As  wood  vinegar  contains  also  small  proportions  of  creosote,  the 
latter  is  recovered  therefrom  by  first  separating  the  oily  constituents 
by  saturating  the  liquid  with  sodium  sulphate,  treating  these  with 
8odium  carbonate  solution,  distilling,  and  proceeding  as  above. 

When  first  distilled,  creosote  is  colorless,  but  gradually  assumes* 
yellowish  tint,  and,  as  found  in  commerce,  is  rarely  free  from  color; 
upon  exposure  to  air  the  color  darkens  materially.  I'he  so-called  coal- 
tar  creosote  of  commerce  is  unfit  for  medicinal  use  and  should  never 
be  employed  when  creosote  is  called  for.  It  consists  chiefly  of  cresols 
(vvhich  see  under  Coal  Tar  Products),  and  unfortunately  is  some- 
times offered  as  common  creosote  by  unscrupulous  dealers.  For 
dispensing  purposes  only  the  oiBcial  beechwood  creosote  should  he 
employed,  which  may  readily  be  distinguished  from  carbolic  add  bv 
its  peculiar  odor,  its  lesser  solubility  in  water,  its  immiscibility  with 
a  mixture  of  glycerin  and  water,  and  other  tests  given  in  the 
Pharmacopoeia ;  it  does  not  congeal  when  cooled  to  — 20°  C.  ( — 4*  ^  -^^ 
but  becomes  gelatinous.  Creosote  is  soluble  in  water  to  the  extent 
of  about  3  drops  in  a  fluidounce,  and  whenever  it  is  to  be  diqwised 
in  solution  in  plain  water  or  lime  water  the  resulting  mixture  shoold 
invariably  be  passed  through  a  pledget  of  cotton,  as  small  particl<** 
of  insoluble  matter  sometimes  separate,  particularly  in  the  case  of 
lime  water  mixtures. 
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The  name  creosote  was  given  to  this  liquid  on  account  of  its 
power  of  preserving  meat;  and  is  derived  from  the  Greek — xpea'z, 
flesh,  and  aa>(^uvfy  to  save^  to  preserve.  Ci:e»sote  was  first  separated 
from  wood  tar  in  1832. 

A  number  of  non-oificial  compounds  of  creosote  have  been  intro- 
duced into  medicine^  such  as  creosote  carbonate  (creosotal),  c.  phos- 
phate (phosote),  c.  tannate  (creosal  or  tannosal),  c.  valerate  or 
valerianate  (eosote),  which  have  met  with  varying  fiivor^  but  do  not 
appear  deserving  of  discussion  in  this  volume.  / 

Ooaiacol.    OtHsO,  or  OsH4(OH)(OGHs).— This  compound^  chem- 
ically also  known  as  methyl  catechol,  is  the  chief  constituent  of 
creosote,  and  upon  which  the  medicinal  value  of  the  latter,  no  doubt, 
wholly  depends.     It  is  contained  in  creosote  to  the  extent  of  from  60 
to  90  per  cent.,  and  is  obtained  from  it  by  fractional  distillation,  that 
portion  distilling  between  200°  and  205°  C.  (392°  and  401°  F.) 
being  collected  as  crude  guaiacol ;  this  is  treated  with  ammonia  to 
remove  acid  compounds  and  again  distilled.      The  lower  boiling 
fraction  is  collected,  dissolved  in  ether,  and  treated  with  alcoholic 
solution  of  potassium  hydroxide,   which  causes  the  separation  of 
potassium  guaiacol,  C5H4KOCH3,  the  latter  being  insoluble  in  ether. 
After  thorough  washing  with  ether  the  compound  is  crystallized  from 
alcohol,  decomposed  by   means  of  diluted  sulphuric  acid,  and  the 
liberated  guaiacol  again  rectified.     Guaia<3ol  is  not  always  found  ab- 
solutely pure  in  commerce,  the  pure  article  occurring  usually  in  a 
crystalline  state,  obtained  by  dissolving  purified  guaiacol  in  petroleum 
henzinj  and  then  suUecting  such  a  solution  to  spontaneous  evapora- 
tion ;  the  addition  of  a  crystal  of  pure  guaiacol  &cilitates  crystal- 
lization. 

Of  late  years  synthetic  guaiacol  has  been  freely  offered  in  crystals. 
It  is  made  by  heating  in  a  tightly  closed  vessel  a  mixture  of  equal 
molecules   of   pyrocatechin,  potassium  hydroxide,  and  potassmm 
methylsulphate,  to  a  temperature  of  170°  to  180°  C.  (338°-356°  F.), 
when     the    following    reaction    occurs:     CgH/OH),  +  KOH  + 
KCHjSO^  =  CeH.OHOCH,  +  K^,  -f   JLf>.      The  resulting 
guaiacol  may  be  removed  by  solution  in  alcohol  or  petroleum  benzin 
and  purified  by  recrystallization ;  or  it  may  be  made  by  heating  a 
eolution    of  metallic  sodium,  pyrocatechin,  and   methyl   iodide   in 
methyl  alcohol ;  the  resulting  mixture  is  freed  from  methyl  alcohol, 
the  residue  dissolved  in  sodium  hydroxide  solution,  filtered,  and  de- 
composed by  means  of  hydrochloric  acid.     The  guaiacol  thus  liberated 
is  distilled  and  then  crystallized  at  a  low  temperature. 

Guaiacol  occurs  both  in  the  liquid  and  crystalline  form,  the  former 
bein^  the  variety  usually  met  with,  as  the  crystals  melt  readily  at 
28.5*^  C.  (83.3°  F.),  and  will  then  remain  liquid  unless  again  exposed 
to  a  very  low  temperature.  It  is  soluble  in  53  parts  of  water  at 
25°  C.  (77^  F.),  and  is  readily  soluble  in  alcohol,  glycerin,  ether,  and 
icetic  acid.      When  mixed  with  10  volumes  of  sulphuric  acid  a  pure 
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yellowish  color  is  produced,  free  from  a  reddish  tint ;  the  latter 
would  indicate  the  presence  of  creosote.  The  Pharmacopoeia  al.^ 
requires  that  guaiacol,  when  shaken  with  2  volumes  of  petroleum 
benzin,  shall  remain  clear  and  separate  on  standing  into  two  distioct 
layers  ;  it  shall  also  form  a  white  mass  when  heated  with  2  volumes 
of  sodium  hydroxide  solution  and  then  cooled,  the  mass  being  soluble 
in  20  volumes  of  water. 

While  the  name  guaiacol  is  applied  to  the  monomethyl  ether  of 
catechol,  the  dimethyl  ether  of  catechol,  C^^jfiQH^  is  kDown  as 
veratrol.  It  is  a  colorless,  aromatic,  oily  liquid,  having  the  same 
boiling-point  as  guaiacol  and  congealing  to  a  crystalline  mass  when 
exposed  to  cold. 

A  number  of  derivatives  of  guaiacol  have  been  introduced  at 
various  times,  being  chiefly  compounds  with  acid  radicals,  such  as 
guaiacol  camphorate  (guaiacamphol),  g.  carbonate,  g.  benzoate  (ben- 
zosol),  g.  cinnamate  (styracol),  g.  phosphate,  g.  phosphite,  g.  salicylate 
(guaiacol-salol),  g.  valerate  or  valerianate  (geosote),  etc.,  one  of  which 
is  officially  recognized. 

Onaiaool  Carbonate.    (07H,0),GOs  or  (0 AOOHjOVOO.— This 

compound,  also  known  as  ductal,  may  be  obtained  by  slowly  passing 
carbonyl  chloride,  phosgene  gas,  COCl,  into  a  solution  of  guaiacol  in 
sodium  hydroxide  solution,  sodium  chloride  and  euaiacol  caib<Miate 
being  formed  ;  the  latter  being  insoluble  is  precipitated  and  wash*^ 
subsequently  with  sodium  hydroxide  solution,  after  which  it  is 
crystallized  from  alcohol.  It  occurs  as  a  white  crystalline  powder, 
melting  between  84°  and  87°  C.  (187.2°  and  188.e*''F.),  and  while  in- 
soluble in  water,  it  is  soluble  in  chloroform,  ether,  and  alcohol,  and  to 
some  extent  in  glycerin  and  fixed  oils. 
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COAL  TAR  PRODUCTS  AND  RELATED  COMPOUNDS. 

During  the  destructive  distillation  of  ooal^  itself  a  modified  form: 
of  woody  the  result  of  slow  decomposition  caused  by  decay  and 
fermentative  action,  gaseous  as  well  as  liquid  products  are  obtained^ 
besides  a  solid  residue  known  as  coke,  the  process  being  similar  ta 
that  occurring  in  the  distillation  of  wood.  The  gases  are  used  ex- 
tensively for  illuminating  and  heating  purposes,  while  the  coal  tar,. 
which  contains  benzene,  C^H^,  toluene,  C^Hg,  aniline,  C^H^NHj, 
naphthalene,  CipHg,  phenol,  C^H^OH,  cresol,  C^H^OH,  and  other 
important  substances,  is  further  distilled,  and  furnishes,  besides  a 
solid  residue,  known  as  pitch  or  asphalt,  a  li^ht  and  a  heavy  oil,, 
from  which  the  above  compounds  are  extracted. 

The  distillate  of  coal  tar,  known  as  light  oil,  consists  chiefly  of 
hydrocarbons  having  various  boiling-points,  which  can  be  separated 
from  each  other  by  fractional  distillation.  The  most  important  of 
these  is: 

Bensene,  0^,  designated  by  many  as  benzol,  which  furnishes, 
a  number  of  valuable  derivative  products  ;  it  is  obtained  by  collecting 
that  portion  of  light  oil  distilling  between  80°  and  90°  C.  (176° 
and  194°  F.),  purifying  the  same  by  exposing  it  to  a  low  tempera- 
ture, when  it  crystallizes  and  is  freed  from  adhering  liquid  impuri- 
ties, and  redistilling.  The  U.  S.  Pharmacopoeia  recognizes  pure 
benzene  among  the  official  reagents  and  describes  it  as  having  a 
specific_gravity  of0.871at25°  C.  (77°  F.),  congealing  at  5.2°  C. 
(41.8°  F.),  and  boiling  at  80.4°  C.  (176.7°  F.).  It  is  insoluble  in 
^veater,  but  soluble  in  4  parts  of  alcohol  and  in  ether.  Commercial 
benzol  is  recognized  in  the  British  Pharmacopoeia,  and  there  defined 
to  be  a  mixture  of  about  70  per  cent  of  benzene  and  from  20  to  30 

Eer  cent,  of  toluene,  having  a  specific  gravity  of  0.800  to  0.880  and 
oiling  between  80°  and  120°  C.  (176°  and  248°  F.). 

£enzene  must  not  be  confounded  with  benzin,  officially  known  aa 
petroleum  benzin,  a  mixture  of  hydrocarbons  obtained  by  distillation 
from  American  petroleum  (which  see  under  Petroleum  Products). 

Toluene,  or  Methylbenzene,  OfiJOH^f  is  another  hydrocarboo 

of  interest  to  pharmacists  as  the  source  of  the  official  benzosul- 
phinide,  considered  below.  It  is  obtained  from  the  light  oil  of  coal 
tar  by  Pactional  distillation,  as  a  colorless,  mobile  liquid,  resembling^ 
benzene,  but  differing  from  the  latter  in  boiling  at  110°  C.  (230°  F.)^ 
and  in  not  cougealii^  even  when  cooled  to  — 20°  C.  ( — 4°  F.). 
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Naphthalene.  OjoHg. — This  hydrocarbon^  frequently  also  called 
naphthalin^  exists,  like-benzene  and. toluene,  in  coal  tar;  it  is  found 
in  the  so-called  heavy  oil,  and  is  deposited  as  a  dark-colored  crystal- 
line substance  from  the  fraction  collected  between  180®  and  250*^  C. 
(356®  and  482®  F.).  Crude  naphthalene  is  purified  by  successive 
treatment  with  sodium  hydroxide  and  sulphuric  acid,  to  remove  acid 
and  basic  by-products,  after  which  it  is  repeatedly  heated  with  con- 
centrated sulphuric  acid,  being  each  time  distilled  widi  steam,  and 
is  finally  resublimed.  The  white  naphthalene  thus  obtained  still  has 
a  tendency  to  darken  when  exposea  to  air  and  light,  to  overoome 
which  it  is  treated  for  a  short  time  with  a  mixture  of  sulphuric  acid 
and  manganese  dioxide  at  water-bath  temperature ;  finally,  the 
product  is  washed  with  weak  alkaline  solution  and  water  and  again 
sublimed. 

For  pharmaceutical  purposes,  naphthalene  recrystallized  from 
alcohol  should  alone  be  used. 

Aniline.  OJE^NH,. — ^This  compound,  also  known  as  amidoben- 
zene  and  phenylamine,  occurs  in  sn^l  quantities  in  coal  tar,  but  is 
•chiefly  manufisictured  from  benzene  by  adding  the  latter  in  small 
portions  to  fuming  nitric  acid,  when  a  dark  red  liquid  is  formed^ 
from  which,  upon  addition  of  water,  an  oily  liquid  is  precipitated, 
J^nown  as  nitrobenzene,  C^HjNOj.  By  the  action  of  nascent  hydro- 
gen, subsequent  mixture  with  ,  milk  of  lime,  and  distillation,  nitro- 
benzene is  made  to  yield  a  basic  fluid,  to  which  the  name  aniline  has 
been  given. 

Wliile  aniline  itself  is  not  used  in  medicine,  it  is  of  interest  as 
furnishing  a  number  of  derivatives,  both  directly  and  indirectly.  It 
is,  when  pure,  a  colorless,  limpid,  oily  liquid,  which  soon  acquires  a 
yellow  and  finally  a  brown  color  when  exposed  to  the  air  and  light 
Aniline  is  capable  of  forming  salts  with  acids,  which  are  mo^y 
•crystallizable. 

Diphenylaminey  'N'H{C^H^2y  formed  by  heating  aniline  hydro- 
chloride  with  aniline  to  240®  C.  (464®  F.),  is  used  as  a  very  ddkatc 
reagent  for  nitric  acid,  with  which  it  strikes  a  deep  blue  color  j  the 
oflicial  test-solution  is  made  by  dissolving  0.1  6m.  of  diphenylaminc 
in  50  Cc.  of  diluted  sulphuric  acid. 

Phenylhydrazine,  C^HaNH.NHj,  is  obtained  by  adding  an  aaoe- 
ous  solution  of  sodium  nitrite  to  a  solution  of  aniline  in  strong  hyoro- 
c'hloric  acid.  To  this  liquid  is  added  an  acid  solution  of  stannous 
chloride,  and  the  resulting  phenylhydrazine  hydrochloride  is  theo 
decomposed  with  an  alkali  and  the  base  extracted  with  ether.  It 
occurs  in  tabular  crystals  which  melt  at  17.5®  C.  (62.5®  F.),  and  are 
only  slightly  soluble  in  cold  water.  Phenylhydrazine  is  used  in  the 
manufacture  of  antipyrine,  and  hence  possesses  more  or  less  phanni- 
ceutical  interest. 

Phenol.    OgH^OH. — Although  the  name  phenol  has  been  offidalk 
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adopted  for  this  compound,  it  will  probably  continue  to  be  known 
better  by  its  former  official^  and  still  present  commercial,  name,  car- 
bolic acid.  One  of  tbe  reasons  for  changing  the  official  title  was  the 
&ct  that  a  large  number  of  impure  products  are  offered  as  carbolic 
acid,  and  it  was  deemed  wise  to  designate  the  official  pure  article 
iatended  for  medicinal  use  by  a  specific  name,  universally  applied  to 
it  by  chemists.  Chemically  phenol  is  hydroxybenzene,  ana  is  the 
type  of  a  class  of  compounds  which  are  hydroxyl  derivatives  of  the 
aromatic  hydrocarbons,  to  which  the  cla^  name  phenols  has  been 
given. 

Phenol  occurs  in  that  portion  of  the  distillate  fix>m  coal  tar  which 
comes  over  between  100°  and  250°  C.  (212°  and  482°  F.^,  in  pro- 
portions  varying  from  4  to  10  per  cent.  Besides  the  natural  prrxiuct,. 
large  quantities  of  phenol  are  also  made  synthetically. 

Natural  phenol  may  be  obtained  from  the  coal  tar  distillate  named 
above  by  agitating  the  same  with  a  10  per  cent,  sodium  hydroxide 
solution  (a  stronger  solution  is  not  desirable,  since  it  would  dissolve 
naphthalene   and   other   impurities    contained    in    the  oil);    upon 
standing,  the  mixture  separates  into  two  layers,  the  lower  being  a 
solution  of  sodium  phenol,  CgH^ONa,  while  the  upper  consists  of 
the  extracted  oil.    The  lower  layer  is  carefully  drawn  off  and  treated 
with  hydrochloric  or  sulphuric  acid  in  such  quantity  as  has  been 
ascertained  (by  a  previoas  test)  to  be  sufficient  for  exact  decomposi- 
tion.    In  some  cases  the  sodium  phenol  solution,  for  the  purpose  of 
purification,  is  treated  first  with  about  one-eighth  of  the  necessary 
quantity  of  acid,  whereby  homologous  phenols  are  separated,  and 
after  the  removal  of  these  the  solution  is  decomposed  completely  by 
acid.     The  impure  phenol  thus  liberated  rises  as  an  oily  layer  to  the 
surface,  which,  after  removal,  is  washed  by  agitation  with  concen- 
trated solution  of  common  salt,  freed  from  water  by  means  of  calcium 
chloride,  and  then  distilled  between  180°  and   190°  C.  ^356°  and 
3740  "p^y    Upon  exposure  in  cool  places  the  distilled  phenol  congeals 
to  a  crystalline  mass,  which,  after  being  freed  from  adhering  liquid, 
Ls  again  distilled,  that  portion  coming  over  below  186°  C.  (365°  F.) 
being  carefully  collected  and  crystallized.     Sometimes  the  phenol 
before  final  distillation  is  treated  with  potassium  dichromate  and 
sulphuric  acid.    In  order  to  obtain  phenol  in  colorless,  loose  crystals^ 
it  may  be  recrystallized  from  boiling  petroleum  benzin. 

While  the  above  method  is  the  one  now  generally  followed,  some 
manufacturers  extract  phenol  from*  a  smaller  fraction  of  the  coal 
tar  distillate,  known  as  heavy  oily  and  collected  between  160°  and 
220®  C.  (320°  and  428°  F.),  the  treatment  being  practically  identical 
with  that  given  above. 

Syiithetic  Phenol. — Since  1888  considerable  quantities  of 
synthetic  phenol  have  been  placed  upon  the  market.  This  is  pre- 
pared directly  from  benzene  by  first  treating  it  with  fuming  sul- 
phuric acid  and  moderately  warming  the  mixture,  whereby  benzene- 
sulphonic  acid  is  produced  :  CeHg  +  H^SO^  =  CeH^SOjOH  +  H,0^ 
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The  acid  thus  formed  is  neutralized  with  potassium  carbonate, 
yielding  potassium  benzenesulphonate,  and  this  compound  then 
fused  with  a  large  excess  of  potassium  hydroxide^  whereby  potas- 
sium sulphite  and  potassium  phenol  are  formed  :  2  (C^H^SOjOE)  + 
4KOH  =  2H,0  +  2K2SOS  +  2CeH,OK.  The  potassium  phenol 
£nally  is  treated  in  solution  with  hydrochloric  acid^  in  order  to  liber- 
ate the  phenol  or  carbolic  acid,  which  is  purified  further  by  distilla- 
tion :  CeH,OK  +  HCl  =  CeH.OH  +  KCL  The  advantages  of  the 
synthetic  method  are  chiefly  the  absence  of  homologous  products 
(cresol,  xylene,  etc.  V  as  the  benzene  can  be  procured  of  great  purity 
by  means  of  crystallization. 

Phenol  occurs  in  crystalline  masses  and  also  in  the  form  of  loose 
crystals,  having  a  faint  aromatic  odor,  and  should  be  free  from  color. 
It  is  freely  soluble  in  glycerin  and  fixed  oils ;  also  in  alcohol  aud 
«ther,  but  requires  about  20  parts  of  water  for  solution.  The  Pha^ 
macopoeia  demands  that  if  phenol  be  melted  by  aid  of  a  gentle  heat, 
and  then  slowly  cooled  with  constant  stirring  until  partly  crystal- 
lized, the  semicrystalline  mass  should  have  a  temperature  (remaining 
stationary  for  a  short  time)  not  lower  than  40°  C.  (104°  F.);  the 
boiling-point  of  phenol  should  not  be  higher  than  188°  C.  (370,4° 
F.).  It  must  be  borne  in  mind  that  cresols,  which  may  be  present, 
have  a  higher  boiling-point,  and  that  phenol  may  contain  variable 
proportions  of  water,  which  would  influence  the  oongealin^-point, 
and  hence  a  lower  boiling-point  or  a  higher  melting-point  will  indi- 
-cate  a  purer  and  less  hydrated  phenol.  The  vapor  of  phenol  is 
inflammable. 

The  Pharmacopoeia  demands  that  phenol  shall  contain  not  less 
than  96  per  cent,  of  absolute  CgHjOH,  to  be  determined  volumetric- 
-ally  by  precipitation  as  tribromophenol,  CgHjBrsOH.  The  sglution 
used  for  this  purpose  is  known  as  Koppeschaar's  Solution,  and  is 
designated  in  the  Pharmacopoeia  as  -^  bromine  solution,  although  it 
<5ontains  no  free  bromine ;  it  is  a  solution  of  sodium  bromate  and 
bromide  in  such  proportions  that  when  treated  with  hydrochjoric 
acid  an  amount  of  bromine  is  liberated  corresponding  to  0.007936 
Gm.  for  «ich  Cc.  of  the  solution  used,  thus  constituting  it  a  ^  bro- 
mine solution.  In  the  official  test  an  excess  of  this  solution  L* 
added  to  an  aqueous  solution  of  phenol  together  with  some  hydnv 
chloric  acid,  and  the  excess  ascertained  by  addition  of  potassium 
iodide  and  subsequent  titration  of  the  liberated  iodine  by  means  of 
sodium  thiosulphate  solution.  Since  iodine  is  liberated  by  bromine 
in  exact  molecular  proportions,  1  Cc.  of  j^  sodium  thiosulphate 
solution  corresponds  in  value  to  1  Cc.  of -j^  bromine  solution,  anJ 
the  number  of  Cc.  ^  NqjSjO,  +  SRf>  solution  required  to  deooloria- 
the  iodine  solution  subtracted  from  the  whole  number  of  Cc.  of  p 
bromine  solution  added  originally,  leaves  the  number  of  Cc.  of  the 
latter  solution  necessary  for  the  precipitation  as  tribromophenol  «'t 
all  phenol  {> resent. 

Four  distinct  reactions  occur  during  the  performance  of  thi«  tH 
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before  the  data  necessary  for  the  calculatioD  of  the  percentage  of 

Ehenol  present  are  obtained^  namely :  1.  The  liberation  of  bromine 
J  means  of  hydrochloric  acid  ;  thus,  NaBrOj  +  5NaBr  -f  6HC1  = 
€NaCl  +  Brg  +  SHjO.  2.  The  precipitation  of  tribromophenol ; 
thus,  CjHjOH  +  Bre  =CeH,Br30H  +  3HBr.  3.  The  liberation  of 
iodine ;  thus,  2KI  -f  Br,  =  2KBr  -f  I,  4.  The  decoloration  of  the 
iodine  solution ;  thus,  2(NaAOs  +  5H,0^  + 1,  =  2NaI  +  N^fi^  + 
lOHjO.  The  second  equation  shows  that  93.34  parts  of  absolute 
phenol  require  476.16  parts  of  bromine  for  complete  precipitation ; 
hence  each  Cc.  of  the  bromine  solution  corresponds  to  0.001556  Gm. 
of  QHjOH,  for  476.16  :  93.34  :  :  0.007936  :  0.001556.  If  0.0389 
Gm.  of  phenol  be  used  as  directed  in  the  official  test,  24  Cc.  of  y^ 
bromine  solution  will  be  required  to  show  96  per  cent,  of  absolute 
C5H5OH,  each  Cc.  corresponding  to  4  per  cent.,  for  0.001556  is  4 
per  cent,  of  0.0389  and  96  -^  4  =  24 ;  or  96  per  cent,  of  0.0389  = 
0.037344  and  0.037344  -^-  0.001556  =  24. 

Phenol  is  a  powerful  poison,  and  many  deaths  have  been  recorded 
from  swallowing  the  same,  either  accidentally  or  with  suicidal  intent. 
As  an  antidote  alcohol  has  been  found  to  act  very  effectually,  espe- 
cially in  mitigating  the  caustic  effects  on  the  skin  and  mucous  mem- 
branes. Oil  or  glycerin  should  never  be  administered  after  phenol 
has  been  swallowed,  since  both  will  facilitate  absorption  of  the 
poison ;  sodium  or  ms^nesium  sulphate  is  considered  an  efficient 
antidote,  and  alcohol,  moderately  diluted  with  water,  is  said  to  have 
been  used  with  excellent  results  in  carbolic  acid  poisoning. 

The  Pharmacopoeia  recognizes  liquefied  phenol  under  the  title 
Phenol  Liquefactum,  which  is  prepared  by  melting  phenol  on  a 
water-bath,  and  then  adding  for  evety  9  parts  by  weight  of  melted 
phenol,  1  part  by  weight  of  water,  and  mixing  thoroughly.  This 
liquid,  if  made  from  official  phenol,  contains  86.4  per  cent,  of  abso- 
lute CqHsOH  and  13.6  per  cent,  of  water.  It  is  soluble  in  12  parts 
of  water,  and  is  miscible  with  alcohol,  ether,  and  glycerin  in  all 
proportions,  but  on  account  of  the  water  present  will  not  mix  clear 
with  chloroform  or  olive  oil.  Liquefied  phenol  must  be  kept  in  a 
moderately  warm  room,  since  it  will  congeal  to  a  crystalline  mass  at 
13.5^  C.  (56.3°  F.). 

Gresol.  O^H^OH  or  OeH4(GH3)OH.— Under  this  name  the 
Pharmacopoeia  recognizes  a  mixture  of  three  isomeric  bodies,  which 
t>ear  the  same  relation  to  toluene  as  phenol  bears  to  benzene,  being 
hydroxy  1  derivatives  of  that  hydrocarbon.  Commercially  cresol  is 
obtained  from  the  coal-tar  distillate  collected  between  140°  and 
220*^  C.  (284°  and  428°  F.)  by  treatment  with  sodium  hydroxide 
solution.  By  carefully  adding  to  the  solution  thus  produced  some 
'water  and  hydrochloric  acid,  hydrocarbons  and  tarry  matter  are  re- 
moved, and  the  cresols  precipitated  by  adding  to  the  clarified  filtrate 
a  further  limited  quantity  of  hydrochloric  acid,  insufficient  to  liberate 
the  phenol  present,  which  latter  remains  in  solution.     The  resulting 
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product  is  redissolved  in  sodium  hydroxide  solution  and  again  treated 
with  acid  as  above,  the  precipitated  liquid  being  finally  nactiooated 
by  distillation  between  180*^  and  200^  C.  (365°  and  392°  F.).  Tfe 
product  is  known  as  crude  cresol ;  it  is  not  recognized  in  ourPhamia- 
copceia,  but  is  official  in  Germany.  By  still  further  purification  and 
distillation  between  190°  and  205°  C.  (883°  and  401°  F.),theofficial 
article  is  obtained. 

Official  cresol,  also  sometimes  desiraated  as  tricresol,  is  a  colo^ 
less  or  straw-colored  refractive  liquid,  turning  yellowish-brown  on 
exposure  to  light  and  having  a  phenol-like  odor.  It  is  heavier  tban 
water  and  soluble  in  60  parts  ot  that  liquid,  and  should  form  a  clear 
solution  with  an  equal  volume  of  10  per  cent,  sodium  hydroxide 
solution.  The  chief  constitutents  are  the  three  isomers,  ortbo-, 
meta-  and  paracresol,  which  boil  respectively  at  185°,  201^,  and 
198°  C.  (365°,  393.8°  and  388.4°  F.).  All  three  possess  8tit)iig  anti- 
septic, germicidal,  and  disinfectant  properties,  and  are  fiir  less 
poisonous  than  phenol. 

Cresol  is  used  in  pharmacy  for  the  preparation  of  the  official 
Compound  Solution  of  Cresol,  which  is  made  by  adding  cresol  to  an 
equal  weight  of  linseed  oil  and  potash  soap,  prepared  from  linseed 
oil  350  Gm.,  potassium  hydroxide  80  Gm.,  and  water  70  Gm.  TW 
mixture  is  stirred  until  a  clear  solution  results.  Compound  solntioD 
of  cresol  is  a  yellowish-brown  to  brown  saponaceous  oily  liquid  and 
resembles  some  of  the  commercial  products  known  as  creoUnt  l^^^^ 
sapocresol,  etc. 

Crude  cresol  closely  resembles  the  different  grades  of  crude  carbcJic 
acid  used  for  disinfecting  purposes ;  some  of  tne  latter  are  often  of 
very  dark,  almost  black  color,  and  contain  considerable  tarry  nutter. 

BesorcinoL  0 A^s  ^^  OfiJi^^v — ^Although  the  Pharmacopoeia 
has  changed  the  official' name,  of  this  compound  somewhat,  it  h  ^Ii•l 
known  by  its  former  name  resorcin.  It  was  first  obtained  by  fo>it»n 
of  certain  resins,  such  as  those  of  ammoniac,  galbauum,  guaiac,  etc.. 
with  potassium  hydroxide,  but  is  now  made  almost  altogether  ftm 
benzene  by  heating  the  latter  with  fuming  sulphuric  acid  to  257^  C 
(494°  F.),  whereby  benzene-metadisulphonic  acid,  C^H^fHSOj);,  i> 
produced.  This  acid  is  neutralized  witn  milk  of  lime  and  aeoompurai 
with  sodium  carbonate,  and  the  solution  of  sodium  benzene  noetadi- 
sulphonate  thus  obtained  evaporated  to  dryness ;  the  residue  fu^il 
for  several  hours  with  sodium  hydroxide  yields  sodium  resorcin  anJ 
sodium  sulphite.  Boiling  an  aqueous  solution  of  the  saline  m^^ 
expels  sulphurous  acid,  and,  upon  extracting  the  tar-like  residae  with 
ether  and  distilling,  impure  resorcinol  is  obtained,  which  is  purifier 
by  sublimation  and  recrystallization  from  water. 

Resorcinol  is  chemically  known  as  metadioxybenzene,  which  sIk^*' 
it  to  be  a  diatomic  phenol,  CjH4(OH), ;  two  isomerides  are  a." 
known,  namely,  ortho-  and  paradioxybenzene,  designated  as  cat^ ' 
or  pyrocatechin  and  hydroquinol  or  hydroquinone,  respectively.   Tl" 
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t^rm  resorcinol  has  also  been  applied  to  a  proprietary  preparation 
composed  of  equal  parts  of  resorcinol*  and  iodoform  fused  together, 
hence  confusion  is  likely  to  arise. 

Pure  resorcinol  occurs  in  colorless  crystals,  which  readily  assume 
a  pink  tint,  and  finally  turn  red  upon  exposure  to  air  and  light ;  it 
must,  therefore,  be  carefully  preserved,  in  tightly-stoppered  bottles, 
in  a  dark  place.  Solutions  of  resorcinol  also  become  rapidly  colored, 
hence  should  always  be  dispensed  in  dark  amber-colored  vials. 

Acetanilide.     OgH^NO  or  0J3,^KE0fifi. — This  compound,  also 
known  as  phenylacetamide,  is  made  direct  from  aniline,  and  hence  is 
indirectly  a  benzene  derivative.      It  is  one  of  a  class  of  chemical 
compounds  known  as  anilides,  which  are  derived  from  aniline  by  re- 
placement of  one  or  both  hydrogen  atoms  of  the  amido  group  NH2, 
by  alcohol  or  acid  radicals,  hence  both  alcohol  and  acid  anilides  are 
known  to  chemists.     Acetanilide  is  prepared  by  heating  in  a  flask 
connected  with  a  reflux  condenser  a  mixture  of  equal  parts  of  aniline 
and  glacial  acetic  acid  until  a  small  portion  of  the  mixture  removed 
from  the  flask  congeals  on  cooling ;  the  mass  is  then  distilled,  when 
water  and  acetic  acid  first  pass  over,  and  afterward  acetanilide,  which 
is   subsequently   recrystallized  from  boiling  water.      The  reaction 
involved  in  this  process  consists  in  the  formation  of  aniline  acetate, 
which  upon  heating  is  split  up  into  acetanilide  and  water,  as  shown 
by  the  equations  QH^NHj  +  HC^Ufi^  =  C,U,l^UjaCjafi^  and 
CeH,NH2HC2H392  ~  CeH^NHC^HgO  +  H,0. 

The  name  antifebrin  has  also  been  given  to  acetanilide ;  but  being 
a  proprietary  name  it  has  not  oflicially  been  accepted  as  a  synonym 
in  most  countries,  although  it  is  recognized  in  tne  Austrian  Phar- 
macopoeia. A  compound  closely  allied  to  acetanilide  is  commercially 
known  as  exalgine ;  it  is  methylacetanilide,  CgHgNCHjCjHjO,  and 
differs  from  acetanilide  in  having  both  hydrogen  atoms  of  the  amido 
group  replaced,  one  by  an  alcohol  radical  and  the  other  by  an  acid 
radical. 


Acetphenetidin.     Q^JSL^^O^  or  C^J^OQfi^ini,0'B^,00.—Th^ 

true  chemical  name  for  this  compound  is  acetparaphenetidin,  which 

is  recognized  in  the  French  and  Austrian  Pharmacopoeias  by  the  same 

name  as  in  our  own,  but  is  called  phenacetin  in  the  British,  German, 

and  Swiss  Pharmaco}X]eia8.     It  is  indirectly  a  benzene  derivative, 

being  made  from  phenol  by  first  acting  on   the   same  with  diluted 

nitric  acid,  whereby  ortho-  and  paranitrophenol,  CgH4(N02)OH,  are 

ibrmed.      These  are  separated  by  distillation  with  steam,  the  residuary 

para-  compound  being  afterward  decolorized  and  crystallized,  and 

treated     'with    sodium     hydroxide,     forming    sodium    nitrophenol, 

C^H/ZSrO3)0Na.    By  heating  this  com|X)und  with  ethyl  iodide,  para- 

nitrophenetol,  CgH^NOjOCgHj,  and  sodium  iodide  are  obtained  ;  the 

former   being  converted  into  para-amidophenetol  or  paraphenctidin, 

0^114^112^^2115,  by  the  action  of  nascent  hydrogen  obtained  from 

40 
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zinc  and  hydrochloric  acid.  If  paraphenetidin  be  then  boiled  for 
some  time  with  glacial  acetic  acid  it  is  converted  into  acetpara- 
phenetidin,  just  as  acetanilide  is  formed  from  aniline. 

Acetphenetidin  is  sparingly  soluble  in  water,  about  1  part  in  92a 
parts,  but  is  readily  soluble  in  alcohol.  It  may  be  adulterated  with 
acetanilide,  for  which  the  Pharmacopoeia  gives  the  following  simple 
t(»sts,  easily  applied  at  the  dispensing  counter :  If  0.1  Gm.  of  aoel- 
phenetidin  be  boiled  with  10  Cc.  of  water  it  should  yield  a  solution, 
which  when  cooled  and  filtered,  should  not  become  turbid  upon  the 
addition  of  bromine  test-solution  in  slight  excess ;  if  0.1  Gm.  of 
acetphenetidin  be  boiled  for  a  minute  with  3  Cc.  of  a  50  per  cent, 
solution  of  sodium  hydroxide,  the  solution  cooled  and  then  agitated 
with  5  Cc.  of  a  solution  of  chlorinated  soda,  there  should  be  produced 
a  clear  yellow  liquid,  and  not  a  purplish-red  or  brownish-red 
cloudy  liquid  or  precipitate. 

Antipyrine.    GnHi^jO  or  0^fi(OH^rOMs  or GeEsN.CX).CIH : 

0.(0H3).N(0Hj). — Antipyrine  is  one  of  the  oldest  synthetic  anti- 
pyretics, having  first  been  made  by  Knorr  in  1873.  It  is  usually  pre- 
pared by  heating  phenylhydrazine,  CfiHjHN.NHj,  with  acetoacetic 
ether,  CH3CO.CH2CO.OC,H5,  whereby  phenylmethvlisopyrazo- 
lon,  CeH5N.CO.CH  :  C(CH3).NH,  is  produced.     This  impound  is 

then  dissolved  in  methyl  alcohol  and  treated  with  metliyl  iodide,  the 
latter  uniting  and  forming  an  addition  compound,  which,  when  fiirther 
treated  with  sodium  hydroxide  solution,  separates  antipyrine  in  the 
ibrm  of  a  heavy  oil,  hydriodic  acid  being  split  off.  The  oily  product 
is  then  dissolved  in  ether  or  toluene  and  crystallized.  Antipyrine 
may  also  be  made  by  heating  methylphenylhydrazine  with  aceto- 
acetic ether,  alcohol  and  water  being  split  off,  thus,  CgH^HN.NHCHj 
H-  CHaCO.CHjCO.OCjHj  =  CeH.N.CO.CH  :  C(CH3)N(CHj^  + 
C^H.OH  {  H2O.  I I 

The  tnie  chemical  name  for  antipyrine  is  phenyldimeihylpyrasolcs^^ 
and  it  has  also  been  known  by  such  names  as  anodynine^  parodm, 
and  methozine.  The  oi&cial  name  of  antipyrine  in  the  Briti^b 
Pharmacopoeia  is  PhenazonCy  and  in  the  French  Pharraacopceia. 
Analgisine,  In  Germany  it  is  usually  prescribed  by  the  official 
Latin  title  (Pyrazolonum  Phenyldimethylicum)  of  that  Pharmacopfleia. 

Antipyrine  is  a  well-characterized  base  and  forms  salts  with  acids 
bv  direct  addition.  It  is  soluble  in  less  than  its  own  weifirht  of  vatcr 
and  in  its  own  weight  of  alcohol  or  chloroform.  An  admixture  of 
acetanilide  may  be  readily  detected  by  the  disagreeable  odor  of  phenyl 
isocyanide  developed  if  a  warm  solution  of  the  suspected  substance  in 
sodium  hydroxide  solution  be  mixed  with  some  chloroform  and  agaia 
warmed. 

Many  chemicals  have  been  found  to  be  incompatible  with  antipj- 
rine,  thus  sodium  bicarbonate  and  salicylate,  in  solid  form,  hydratw 
cliloral  and  butyl  chloral,  ferrous  sulphate,  hydrocyanic  acid,  pbcft'L 
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and  niercurous  and  mercuric  chlorides.  Nitrites  in  neutral  or  al- 
taline  solution  do  not  affect  antipyrine,  but  in  acid  solution,  when 
nitrous  acid  is  liberated^  yield  a  deep-green  colored  liquid,  due  to  the 
formation  of  isonitroso-antipyrine. 

A  number  of  salts  of  antipyrine  have  been  introduced,  some  under 
specially  coined  fancy  names,  such  as  salipyrine  for  antipyrine  salicy- 
late, benzopyrine  for  antipyrine  benzoate,  tiisaol  for  antipyrine  mande- 
late,  etc. 

Betanaphthol.     OiqH^OH. — This  compound,  formerly  known  as 
naphthol  and  still  recognized  under  that  name   in  the  British  and 
Oerman  Pharmacopoeias,  occurs  naturally  in  coal  tar,  but  is  usually 
made  artificially  from  naphthalene,  to  which  it  bears  the  same  relation 
as  phenol  bears  to  benzene.     Naphthalene,  when  heated  with  con- 
centrated sulphuric  acid,  forms  naphthalenesulphonic  acid,  HSOjCioH,, 
of  which  two  varieties  occur,  designated  as  alpha-  and  betanaphtha- 
lenesulphonic  acid ;  the  formation  of  these  two  acids  depends  upon 
the  temperature  employed,  the  alpha  acid  being  produced  at  water- 
bath  temperature,  and  even  below,  and  is  changed  to  the  beta  variety 
^  the  temperature  is  raised  beyond  this  point.      Both  acids,  when 
treated  with  milk  of  lime,  yield  the  respective  calcium  naphthalene- 
€ulphouates,  from  which  the  corresponding  sodium  salts  are  obtained 
by  decomposition  with  sodium  carbonate.     The  sodium  salts  fused 
with  caustic  soda  yield  sodium  naphthol  and  sodium  sulphite,  which, 
by  treatment   with   hydrochloric  acid,   are   converted  into  sodium 
chloride  and  alpha-  or  betanaphthol,  as  the  case  may  be.     The  final 
product  is  further  purified  by  sublimation  and  recrystallization  from 
water. 

The  Pharmacopoeia  recognizes  only  betanaphtol,  and,  as  alpha- 
naphthol  is  far  more  poisonous  than  the  official  variety,  the  formation 
of  betanaphthalenesulphonic  acid  only  is  sought  to  be  insured  by 
heating  the  mixture  of  naphthalene  and  sulphuric  acid  to  200^  C. 
(392''  F.). 

Commercial  betanaphthol  is  sometimes  contaminated  with  alpha- 
napfatfaol^  which  latter  may  be  detected  by  the  violet  color  produced 
if  chlorinated  lime  be  added  to  an  aqueous  solution  of  the  suspected 
article  ;  betanaphthol  will  show  a  pale-yellow  color. 

Betanaphthol  furnishes  a  number  of  derivative  products  which 
lave  been  introduced  into  medicine,  such  as  benzonaphthol  or 
laphthol  benzoate — bdol  or  naphthol  salicylate,  known  also  as 
laphthalol^  naphthosalol  or  salinaphthol — hydronapfUhol — asaprol  or 
aleium  naphtholsulphonate — alumnol  or  aluminum  naphtholsul- 
»honate^  etc.  (An  account  of  these  products  and  their  properties  can 
e  found  in  the  National  Standard  Dispensatory y  p.  298.) 

SO 
B^wi gngnlphinide.   Saccharin.    Q0H4<qq^>NH. — This  name  is 

>plied  by  the  Pharmacopoeia  to  the  compound  which  is  chemically  the 
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anhydride  of  orthosulphamidebenzoic  acid,  and  commercially  better 
known  as  saccharin.  The  British  Pharmacopoeia  recognizes  it  under 
the  name  Gluside.  When  toluene  is  treatea  with  sulphuric  acid  at 
100°  C.  (212°  F.)  a  mixture  of  ortho-  and  paratoluenesulphonic  adds, 
CgH4(CH3)S03H,  is  formed,  from  which  the  respective  calcium  sails 
may  be  obtained,  and  then,  by  mutual  decomposition  with  sodium 
carbonate,  the  corresponding  sodium  salts.  From  these  a  mixture 
of  ortho-  and  paratoluenesulphochlorides,  CgH4(CH3)SOjCl,  is 
obtained  by  the  action  of  phospnorus  pentachloride,  and  the  para- 
modification  caused  to  crystallize  by  strong  cooling.  If  dry  ammonia 
gas  be  allowed  to  act  on  orthotoluenesulphochloride,  the  correspondiog 
sulphamide,  C6H4(CH3)S02NH2,  is  formed,  which  upon  oxidation 
witn  potassium  permanganate  yields  potassium  orthosulphamide 
l^enzoate.  The  latter  salt  when  decomposed  by  means  of  an  acid 
does  not  yield  free  orthosulphamidebenzoic  acid,  but  instead  the  arid 
splits  up  into  its  anhydride  and  water,  the  former  of  which  may  then 
be  crystallized  from  alcohol  or  boiling  water. 

Benzosulphinide  is  not  very  soluble  in  water,  requiring  at  least 
250  parts  at  25°  C.  (77°  F.),  but  is  soluble  in  25  parts  of  boiling 
water  or  alcohol.      Although  it  has  been  suggested  as  a  desirable 
sweetening  agent  for  food  in  certain  diseases,  it  hardly  seems  to  merit 
a  place  in  the  Pharmacopoeia  and  is  not  used  in  any  of  the  official 
preparations.     It  is  said  to  have  500  times  the  sweetening  power  of 
sugar  and  its  sweet  taste  is  perceptible  even  in  dilutions  of  1  to 
10,000.     Since  parasulphamidebenzoic  acid  does  not  possess  a  swetrt 
taste,  its  presence  would  materially  reduce  the  sweetening  power  of 
the  official  article ;  the  British  Pharmacopoeia  recommends  a  special 
test  for  the  same  by  allowing  a  strong  solution  to  crj^stallize  anu  then 
testing    the  melting-point  of  the   crj^stals.       Crystals  of  parasul- 
phamidebenzoic acid  melt  at  280°  to  283°  C.  (536°-541.4°  F.),  while 
those  of  benzosulphinide  melt  at  218.8°  to  220°  C.  (426°-428°  F,'. 

The  solubility  of  benzosulphinide  in  water  is  greatly  increased  hy 
the  presence  of  alkali  carbonates  and  bicarbonates,  orthosulphamidt^ 
benzoates  being  formed.  The  sodium  salt,  C^H^COSOjN.Na  -r  2H.0. 
is  commercially  known  as  soluble  saccharin^  soluble  gluwie^  atti 
crystallosey  and  should  not  be  confounded  with  the  official  beDU*- 
sulphinide,  w^hich  is  sometimes  designated  as  insoluble  saccharin. 

Besides  the  name  saccharin,  the  following  have  also  been  appl:<'l 
to  commercial  benzosulphinide :  neosaccliarin,  glucusimidey  benzoy- 
sulphonimide,  etc. 

Methylthionine  Hydrochloride.    Methylene  Blue.    C^fi^f 

SCI. — The  full  chemical  name  of  this  compound  is  tetranietbylthioDise 
hydrochloride,  but  it  is  better  known  by  its  trade-name,  methylene 
blue,  which  has  also  been  adopted  as  one  of  the  official  En^l^^ 
names.  It  may  be  prepared  by  treating  a  solution  of  amidi»ii- 
methylaniline,  known  also  as  dimethyldiamidobenzene,  C^H^NH:* 
N(CH3)2,  in  hydrochloric  acid  with  hydrogen  sulphkle  and  then  v  n 
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ferric  chloride.  It  occurs  both  as  a  dark-green  crystalline  powder 
and  in  form  of  prismatic  crystals  having  a  bronze-like  lustre,  which 
dissolve  readily  in  water  with  deep-blue  color.  The  Pharmacopoeia 
requires  that  if  2  Gm.  of  the  salt  be  ignited,  not  more  than  0.008 
Om.  of  residue  shall  remain  and  be  free  from  zinc  oxide. 

Methylene  blue  is  usually  dispensed  in  capsules,  either  dry  or  in 
form  of  a  mass.  Some  little  care  is  necessary  to  avoid  soiling  the 
hands  and  clothing  of  the  operator.  When  it  is  ordered  in  powder 
form,  the  best  plan  would  seem  to  be  to  rub  the  methylene  blue  into 
powder,  not  too  fine,  in  a  glass  mortar,  and  divide  the  powder  into 
the  prescribed  number  of  ooses  on  glazed  paper,  and  then  carefully 
transfer  to  the  capsules.  If  a  mass  is  to  be  made,  methylene  blue 
may  be  rubbed  into  powder  with  half  its  weight  of  powdered  licorice 
root  and  then  massed  with  glucose  or  some  similar  excipient.  By  keep- 
ing the  hands  and  pill-tile  well  dusted  with  licorice  powder,  it  is  possible 
to  prevent  coloring  while  the  mass  is  divided  into  the  required 
number  of  cylinders,  which  may  then  be  transferred  to  the  capsules 
in  the  usual  manner  with  the  aid  of  a  long  needle. 

Commercially,  methylene  blue  is  sometimes  found  as  the  double 
<;hIoride  of  zinc  and  tetramethylthionine,  in  which  form  it  is  used  as 
a  dye,  but  is  unfit  for  medicinal  purposes,  hence  the  test  for  absence 
-of  zinc,  given  above.  It  must  not  be  confounded  with  methyl  blue, 
which  is  made  by  treating  pararosaniline  with  aniline  and  the  result- 
ing product  with  sulphuric  acid.  A  solution  of  methyl  blue,  upon 
the  addition  of  sodium  hydroxide,  changes  to  reddish-brown,  whereas 
the  color  of  methylene  blue  solution  changes  to  violet. 


CHAPTER  LV. 

STARCHES,  GUMS,  AND  SUGARS. 

Besides  cellulose^  certain  other  principles  are  widely  diffused  io 
the  vegetable  kingdom,  which  are  of  more  or  less  interest  to  phar- 
macists, either  as  useful  medicinal  agents  or  because  thej  mast  be 
excluded  in  the  preparation  of  certain  galenicals.  These  are  known 
as  amylaceous,  mucilaginous,  and  saccharine  principles,  and  are 
usually  designated  as  starches,  gums,  and  sugars.  The  investiga- 
tions of  E.  Fisher  and  others  regarding  the  chemical  character  of 
these  well-known  plant-products  have  so  completely  chang^  the 
views  formerly  entertainea,  and  so  enriched  the  knowledge  r^rding 
their  intimate  relationsliip,  that  chemists  now  consider  starch,  gam, 
and  sugar,  and  also  cellulose,  as  members  of  a  group  designated  as 
saccharides ;  in  regard  to  their  chemical  character,  they  are  looked 
upon  as  aldehydes,  ketones,  and  ether-like  anhydrides  derived  fn)ia 
certain  hexatomic  alcohols. 

Starch. — This  sul>stance  occurs  chiefly  in  the  seeds,  roots,  aad 
rhizomes  of  plants,  where  it  appears  deposited  for  the  purpose  ot 
future  nourishment  either  of  the  germinating  embryo  or  during  the 
next  year's  growth  of  the  plant  itself.  When  viewed  with  the  naked 
eye,  starch  appears  as  a  structureless  substance  io  the  form  of  a 
powder,  but  under  the  microscope  it  is  seen  to  consist  of  roumL 
ovate,  lenticular,  or  polyhedral  granules  or  cells,  differing  m  fiz^ 
and  shape  according  to  the  source  whence  the  starch  has  been  taken, 
as  may  be  seen  in  Pig.  297.  Starch  granules  appear  to  consist  f^f 
concentric  layers  of  varying  density,  arranged  around  a  nucleus  f>' 
hilum  situated  in  the  centre  of  the  granule,  or  more  generally  av 
one  end  or  near  the  margin.  The  formation  of  starchy  matter  amj 
the  manner  of  its  deposit  belong  more  properly  to  the  study  ot 
physiological  botany. 

While  a  valuable  dietetic  and  article  of  food,  starch  poaaesaes  lir-- 
or  no  medicinal  virtue,  and,  as  its  presence  largely  interferes  wiy- 
the  stability  of  pharmaceutical  preparations,  it  is  sought  to  p^ 
excluded  by  the  use  of  appropriate  menstrua.  Starch  is  insolu'^^ 
in  cold  water,  strong  or  dilutea  alcohol,  and  ether,  but  when  treatt^J 
with  boiling  water  solution  takes  place,  and  a  more  or  less  gelatin**  ^ 
mucilage  results  upon  cooling.  This  peculiar  behavior  with  var* ' 
is  due  to  the  fact  that  the  starch  granules  have  a  very  hard  «>'"*' 
coating  (by  some  authorities  looked  upon  as  a  distinct  meinbncf  * 
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to  which  the  name  farinose  or  araylio  h&*  been  given ;  this  is  rupt- 
ured by  the  boiling  water,  after  which  the  white  coutents  of  the 
granule,  known  as  granulose  or  amidin,  are  dissolved.  Prolonged 
trituration  of  starch  with  sand  causes  a  similar  rupture  of  the 
farinose,  when  a  portion  of  the  amidin  will  also  be  taken  up  by 
cold  water.     Complete  solution  of  the  granules  does  not  occur  even 

Fm.  297. 


^11 


r. 'Wheat  lUrch.  TI,  Potato  Much.  Ill,  Amivroat  or  M 
V,  0»t  •t«rch.  VI,  Rice  lUrch.  VII,  Bean  Btarcb.  VIII. 
aMreli-     X,  Sap)  sUrch.    XI,  SarMparltla  starch.    XII,  Euphuiui-D>— vu. 

^pith  boiling  water,  as  the  farinose  remains  undissolved,  but  it  can  he 
rendered  soluble  by  the  action  of  sulphuric  acid.  If  starch  paste, 
made  by  mixing  starch  with  water  heated  to  75°  C.  (158°  F,),  be 
boiled  for  some  time,  it  is  gradually  converted  into  a  clear  liquid 
capable  of  being  filtered,  and  if  this  liquid  be  added  to  a  large 
volume  of  alcohol,  a  water-soluble  modification,  known  as  amylogen, 
is  precipitated  in  the  form  of  a  white  powder ;  this  amylf^n  may  be 
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preserved  under  alcohol^  and  as  long  as  it  is  not  dried  will  remaia 
.soluble  in  cold  water.  Amylogen  is  likewise  produced  if  starch 
be  mixed  with  16  or  18  times  its  weight  of  glycerin  and  then  kept 
at  a  temperature  of  190°  C.  (374°  F.)  for  about  a  half  hour,  the 
resulting  clear  liquid  being  then  precipitated  as  above  stated.  Satu- 
rated solutions  of  calcium  chloride  and  potassium  iodide  effect  the 
same  change  without  the  aid  of  heat. 

In  composition  starch  is  isomeric  with  cellulose,  but  differs  from  it 
in  physical  and  many  chemical  properties.  The  most  delicate 
reagent  for  starch  is  iodine^  which  strikes  a  characteristic  blue  color 
writh  cold  solutions  of  starch,  and  io  the  form  of  solution  is  used  to 
detect  starch  in  vegetable  tissues.  Conversely,  starch  mucilage  is 
extensively  employed  in  iodimetry  as  an  indicator ;  the  union 
between  starch  and  iodine  is,  however,  a  very  feeble  one,  and  not 
considered  to  be  of  a  chemical  character,  as  it  is  easily  broken  up 
bv  heat. 

All  air-dried  starch  when  heated  at  100°  C.  (212°  F.)  to  con- 
stant  weight  loses  about  14  per  cent,  of  water,  which  is  gradually 
reabsorbed  on  exposure  to  the  air ;  if  anhydrous  starch  be  mixea 
with  a  small  quantity  of  water,  it  absorbs  the  same  with  evolution 
of  heat,  as  certain  inorganic  salts  absorb  water  of  crvstallization. 
When  heated  for  some  time  to  170°-200°  C.  (338°-392°  F.)  staivh 
is  gradually  converted  into  dextrin  and  becomes  soluble  in  cold 
water,  losing  at  the  same  time  its  property  of  being  colored  blue  by 
iodine.     The  same  result  occurs   if  starch  be  heated  with  diluted 
nitric  or  sulphuric  acid,  the  change,  however,  taking  place  in  less 
time  and  at  a  lower  temperature ;  if  the  action  of  the  diluted  acids 
be  allowed  to  continue  for  a  longer  period,  the  dextrin  is  finalW 
converted  into  dextrose  (glucose).     Diastase,  the  active  ferment  of 
malt,  also  effects  the  hydrolysis  of  starch  into  dextrin,  and  finally 
into  a  kind  of  sugar,  differing,  however,  from  dextrase,  and  known 
as  maltose ;  for  this  reason  starch  paste  is  used  in  the  valuation  of 
malt  extracts.     The  value  of  proper  mastication  of  bread  and  other 
starchy  food  depends  upon  a  thorough  admixture  with  saliva,  which 
i'ontains  a  ferment,  known  as  ptyalin,  having  the  same  effect  on  starch 
as  diastase. 

Dextrin  is  extensively  made  for  the  market  from  potato  starch, 
either  by  the  dry-heat  process  above  mentioned  or  by  mixing  the 
starch  into  a  paste  with  water  acidulated  with  nitric  add,  pressing 
the  paste  into  cakes,  drying,  powdering,  and  heating  for  one  or 
two  hours  at  110°  C.  (230°  F.).  Dextrin  occurs  in  two  varieties 
white  and  yellow,  which  are  soluble  in  cold  as  well  as  hot  water, 
forming  a  mucilaginous  liquid  ;  it  has  a  sweetish  taste,  peculiar 
odor,  and  is  known  also  as  British  gum.  Iodine  colors  dextrin 
pink  or  reddish,  unless  unaltered  starch  is  present,  when  a  purplish 
tint  results. 

Two  substances,  allied  to  starch  and  isoiheric  ^vith  it  in  oompo^- 
tion  are  met  with  in  certain  drugs ;  these  are  lichenin  and  inoliflf 
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the  former  occurring  in  cetraria  and  the  latter  in  inula,  taraxacum, 
etc.  Lichenin,  known  also  as  moss-starch,  is  obtainable  from  Iceland 
moss  and  other  lichens ;  it  is  soluble  in  boiling  water  and  gelatin- 
izes upon  cooling ;  iodine  imparts  to  it  a  yellow  or  brown  color. 
Inulin,  found  in  ])lace  of  starch  in  the  roots  and  underground  stems 
of  many  Compositie,  forms  a  clear  solution  with  boiling  water  and 
does  not  gelatinize  upon  cooling  ;  continued  boiling  with  water  con- 
verts it  into  a  sugar,  known  as  fructose.  It  is  colored  yellow  by 
iodine  and  does  not  occur  in  the  form  of  concentric  layers,  nor  does 
it  contain  a  definite  and  constant  proportion  of  water  like  starch. 

Starch  is  obtained  for  use  by  washing  it  out  with  water  from 
the  material  containing  it,  the  mixture  being  transferred  to  large 
sieves  or  straining-bags,  which  allow  the  starch  to  pass  through  with 
the  water  and  retain  the  cellular  fibre.     In  the  case  of  potatoes, 
these  are  first  grated,  while  wheat,  corn,  etc.,  are  treated  in  the  form 
of  flour.     Since  cereals  contain  a  nitrogenized  principle  or  ferment, 
called  gluten,  intimately  mixed  with  the  starch,  this  is  removed 
either  by  means  of  incipient  fermentation  not  affecting  the  starch,  or 
It  may  be  separated  by  kneading  the  flour  in  muslin  bags  while  a 
stream  of  water  continually  falling  on  it  washes  out  the  starch,  leav- 
ing the  eluten  behind.    The  different  varieties  of  sUirch  can  best  be 
distinguished  from  each  other  by  their  shape  and  size  under  the 
microscope,  but  some  show  also  differences  in  their  behavi6r  with 
hot  water  and  also  hydrochloric  acid. 

Official  starch,  recognized  in  the  Pharmacopoeia  by  the  general 
I^atin  term  amylum^  is  com  starch,  and  is  used  in  preparing  the 
official  glycerite  of  starch.  Staixsh  was  known  to  the  ancients,  who 
applied  the  name  amylum  (derived  from  the  Greek  /loXo^y  a  mill- 
stone, and  the  prefix  d,  meaning  privative  or  without^  to  the  sub- 
stance, because  starch  could  be  obtained  without  grinding  between 
stones,  as  in  the  case  of  flour. 

Gums. — These  are  amorphous  translucent  substances,  in  all  proba- 
bility excretory  products,  obtained  usually  as  exudations.     They 
diflTer  from  starch  in  being  wholly  or  partly  soluble  in  cold  water 
and    in   not  being  colored  blue   by   iodine;    the  blue  coloration 
produced  in  tragacanth  is  due  solely  to  the  presence  of  starch. 
Gums  may  be  divided  into  two  classes,  which  differ  from  each  other 
in  physical  as  well  as  chemical  properties ;  for  convenience  they  are 
know^n  as  gums  and  mucilages,  respectively.    As  stated  on  pages 
201  and  326,  gums  are  precipitated  from  their  aqueous  solution  by 
strong  alcohol  and  solutions  of  ferric  chloride  and  sodium  borate  and 
Micate,  the  precipitate  in  the  last  three  cases  being  of  a  gelatinous 
character.     Diluted  alcohol,  containing  less  than  60  per  cent,  by 
volume  of  absolute  alcohol,  is  capable  of   dissolving  gums  (the 
quantity  taken  up  increasing  with   the  decreasing  proportion  of 
ilcohol  present),  but  glycerin  has  no  solvent  effect  whatever,  although 
t  mixes  clear  with  aqueous  solutions  of  gums.    The  most  delicate 
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reagent  for  true  gum  is  solution  of  lead  subacetate,  which  still  causes 
slight  opalescence  in  solutions  conUiining  1  part  of  acacia  in  10,000 
parts  01  watfer. 

True  gums  consist  largely  of  arabin  or  arable  acid  combined 
chiefly  with  calcium,  together  with  potassium  and  magnesiam. 
Mucilages  consist  partly  of  soluble  and  partly  of  insoluble  prin- 
ciples, and  in  some  cases  contain  also  starch.  Acacia  and  traga- 
canth  are  the  official  representatives  of  the  two  classes  in  the 
Pharmacopoeia,  but  the  mucilages  are  met  with  also  in  althaea,  elm 
bark,  linseed,  sassafras  pith,  etc.  The  soluble  portion  of  tragacanth 
is  not  precipitated  by  alcohol  or  solution  of  lead  subaoetate,  like 
arabin,  and  the  insoluble  portion  is  often  tinged  blue  by  iodine,  as 
stated  above.  The  so-called  gum  exuding  from  cherry,  peach,  and 
plum  trees  must  also  be  classed  with  the  mucilages. 

Arabin,  or  arabic  acid,  to  which  when  properly  dried  at  100°  C. 
(212°  F.)  the  empirical  formula  2C^YL^f>^  +  H,0  or  C JHgOu  has 
been  assigned,  may  be  obtained  from  mucilage  of  acacia,  after  acido- 
lation  with  hydrochloric  acid,  by  precipitation  with  alcohol  as  a 
milk-white  m&ss  of  acid  reaction  ana  liberating  carbon  dioxide  from 
carbonates.  When  dried,  it  absorbs  water  and  swells,  but  does  not 
dissolve  until  lime  water  has  been  added. 

Metarabic  acid,  metarabin  or  cerasin,  occurs  in  the  insoluble  po^ 
tion  of  cherry  gum,  and  may  be  obtain^  from  acacia  by  heating  the 
same  for  some  time  at  120^-150°  C.  (248^—302°  P.),  when  the 
latter  loses  its  solubility  in  water,  but  absorbs  the  latter  and  swells. 
If  the  acacia  thus  treated  be  acidulated  with  hydrochloric  acid  and 
alcohol  added  as  above,  a  substance  is  obtained  which  is  likewise 
insoluble  in  water,  but  is  soluble  in  lime  water,  soda  solation,  and 
similar  alkaline  liquids,  being  restored  to  arabin. 

Parabin,  which  is  isomeric  with  arabin,  is  found  in  agar-agar  or 
Ceylon  moss ;  it  is  without  acid  reaction,  swells  to  a  jelly  with 
water,  and  is  dissolved  by  dilute  mineral  acids,  but  precipitated  bv 
alkalies  and  alcohol. 

Traganthin  and  bassorin  are  names  given  to  the  pectb-like 
principle  present  in  tragacanth  and  allied  products  to  the  extent  of 
60  or  70  per  cent.  It  is  insoluble  in  cold  and  hot  water,  bat 
absorbs  the  same,  swelling  to  a  gelatinoid  mass,  and  is  soluble  in 
alkaline  liquids.  Besides  bassorin,  the  mucilages  contain  also  8-10 
per  cent,  of  water-soluble  principles,  and  in  some  cases  nnaltered 
starch. 

Carragheen  is  the  mucilaginous  constituent  of  Irish  moss,  i' 
chondrus.  It  is  not  precipitated  by  alcohol,  and  on  treatment 
with  diluted  sulphuric  acid  yields  a  kind  of  sugar  known  as 
galactose. 

When  treated  with  boiling  nitric  acid  gums  are  converted  into 
mucic,  saccharic,  and  oxalic  acids.  By  continuous  boiling  witii 
water  acidulated  with  sulphuric  acid  some  gums  yield  arabinose  an*^ 
others  galactose,   products  closely  allied  to  the  sugars ;  of  tbe»'. 
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galactose  is  capable  of  fermentation^   while    arabinose  is  unfer* 
mentable. 

The  name  gum  is  derived  from  the  Greek  xo/ifu,  and  this  from 
the  Egyptian  kami^  applied  to  acacia,  which  was  used  nearly  four 
thousand  years  ago  as  an  adhesive  agent  in  painting. 

Very  closely  allied  to  the  gums  are  the  pectous  substances,  a  class 
of  non-nitrogenous  bodies  widely  distributed  in  plants  and  without 
definite  character.  Unripe  acidulous  fruits  and  certain  succulent 
roots  contain  a  peculiar  body,  called  pectose,  which,  under  the  influ- 
ence of  a  ferment  known  as  pectase  in  connection  with  light  and 
heat,  and,  in  the  case  of  fruits,  of  organic  acids  also,  is  changed  into 
pectin,  and  finally  into  pectosic  acid  or  vegetable  jelly,  to  which  ia 
due  the  gelatinization  of  certain  fruit  juices  as  well  as  the  infusions^ 
of  gentian,  taraxacum,  senega,  and  other  roots.  The  alkali  salts  of 
pectosic  acid  being  soluble,  advantage  is  frequently  taken  of  thi» 
in  pharmaceutical  preparations  to  prevent  gelatinization  ;  as,  for 
instance,  the  use  of  potassium  hydroxide  solution  in  iiuidextract  of 
senega. 

Unripe  green  fruits  owe  their  hardness  to  the  presence  of  pectose^ 
and  become  softer  as  the  latter  is  gradually  changed  to  pectin  during 
the  ripening  process. 

The  name  pectin  is  derived  from  the  Greek  Trayxroc,  meaning 
curdled. 

Sngars. — Although  for  pharmaceutical  purposes  but  three  kinds, 
of  sugar  are  employed,  chemists  include  under  the  general  term  of 
sugars  a  much  laiger  class  of  compounds,  belonging  to  the  carbo- 
hydrates and  characterized  by  a  more  or  less  sweet  taste.  For 
convenience,  sugars  are  divided  into  two  main  groups,  known  as 
monosaccharides  and  polysaccharides. 

Monosaccharides  comprise  those  sugars  which  cannot  be  broken 

up  into  two  or  more  sugars  of  simpler  character,  and  are  looked 

upon  as  aldehydes  and   ketones  derived   from   such  alcohols  as 

erythritol  (C4H8(OH),),  arabitol  and  xylitol  {CgHXOH)^),  mannitol 

and    dulcitol  (C6H8(OH)6),  and  others.     These  sugars  do  not  all 

contain  the  same  number  of  carbon  atoms,  and  for  convenience  are 

divided   into  hexosesj   CgHijOg,  dextrose,  fructose,  and  galactose; 

pentoBe8y    C^Hi^Og,  arabinose    and    xylose   (wood-sugar);    tetroseSy 

C4Hg04,  erythrose ;  and  so  on  according  to  their  carbon  content,. 

some  being  known  in  which  nine  carbon  atoms  are  present.     Only 

the  faexoses  are  of  special  interest  to  pharmacists,  and  to  these  the 

group  name  glucoses  is  oflen  applied.     As  a  rule,  they  crystallize 

imperfectly  or  with  difficulty,  and  with  few  exceptions  are  directly 

fermentable.    • 

I>extrose.  0JB,^20^. — This,  the  best  known  member  of  the  group 
of*  liexoses,  occurs  in  commerce  in  the  fluid,  semifluid,  and  solid 
form  ;  the  two  former  are  usually  designated  as  glucose,  and  the  latter 
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» 
as  grape-sugar  or  starch-sugar.     In  nature  dextrose  is  fouod  asso- 
ciated with  fructose  or  fruit-sugar  in  numerous  fruits  and  in  honey; 
it  occurs  also  in  certain  secretions  of  the  human  body  as  the  result  of 
a  disease  known  as  diabetes  mellitus.    Artificially,  it  is  manufactured 
on  a  lai^e  scale  from  corn  starch  by  treatment  with  diluted  sulphaiic 
acid,  the  process  being  conducted  in  both  open  and  closed  converters, 
of  which  the  latter  require  the  application  of  a  higher  heat,  bat  a 
shorter  time,  to  complete  the  change.     As  stated  on  page  632,  tie 
first  action  of  the  diluted  acid  is  to  change  the  starch  into  dextrin, 
which  is  finally  converted  into  dextrose ;  liquid  or  syrupy  glucose 
usually  contains  unconverted  dextrin,  while  in  the  solid  grape-sugar 
the  complete  conversion  into  dextrose  has  been  carried  out    Corn- 
starch is  always  mixed  with  gluten,  which  is  removed  by  treatment 
with  sodium  hydroxide,  after  which  the  starch  is  mixed  with  water 
to  a  creamy  consistence  and  run  into  the  diluted  acid  and  heated  bv 
means  of  steam  until  all  starch  has  been  converted ;  the  acid  Ls  ihen 
neutralized  by  means  of  calcium  carbonate  and  the  liquid  filtered, 
passed  through  animal    charcoal,  and  concentrated.      Commercial 
glucose  is  rarely  pure,  being  frequently  of  acid  reaction  or  containing 
sulphates  and  chlorides.     Liquid  glucose,  also  known  as  com-syrap, 
is  a  colorless  or  light  yellowish,  sweetish  syrup,  of  1.40  to  1.43  sp^ 
cific  gravity,  and  contains  from  40  to  50  per  cent,  of  dextrose,  and 
from  30  to  40  per  cent,  of  dextrin.     Calcium  sulphite,  added  ass 
preservative,  is  found  in  nearly  all  commercial  glucose,  aod  to  i^ 
presence  is  to  be  ascribed  the  decolorizing  action  of  the  latter  on 
solutions  containing  iodine  in  a  free  state. 

Grape-sugar  separates  as  a  granular  crystalline  deposit  in  honey, 
and  can  be  obtained  in  a  hydrated  form,  CjHjjO^  +  HjO,  in  small 
wart-like  crystals  from  its  aqueous  or  hydro-alcoholic  solution  ;  from 
a  hot  solution  in  alcohol  or  methyl  alcohol  it  separates  in  anhydrous 
prismatic  crystals.  It  is  soluble  in  very  nearly  its  own  weight  of 
water  and  in  50  parts  of  alcohol  at  15°  C.  (59°  F.),  the  solatioDS 
possessing  a  far  less  sweet  taste  than  those  of  ordinary  sugar.  At 
60°  C.  (140°  F.)  grape-sugar  softens,  and  at  86°  C'  (186.8*^  F.) 
melts  completely. 

Dextrose  is  directly  fermentable,  its  solutions  are  not  affected  by 
strong  sulphuric  acid,  but  when  heated  with  alkali  hydroxides  acquire 
a  dark  color ;  upon  addition  of  ammoniacal  solution  of  lead  acetate 
dextrose  is  precipitated  fn)m  its  solution,  but  is  not  affected  bj 
neutral  or  basic  lead  acetate. 

.Various  tests  can  be  used  for  the  detection  of  dextrose,  such  as 
Troramer's  test  (cupric  sulphate,  solution  of  potassium  hydroxide,  and 
heat),  causing  a  deposit  of  brick-red  cuprous  oxide;  Moore's  t<^ 
(solution  of  potassium  hydroxide  and  heat),  causing  a  dark,  alinf>?i 
black,  color ;  Boettger's  test  (bismuth  subnitrate,  solution  of  potas- 
sium hydroxide  and  heat),  causing  a  black  precipitate  of  metallic 
bismuth,  and  others.  For  the  quantitative  determination  of  dextri>*^. 
volumetric  alkaline  solution  of  cupric  tartrate,  known  as  FehliniT^ 
Solution,  is  usually  employed ;  each  Cc.  of  this  solution  oorrespoiH» 
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to  0.005  Gm.  of  anhydrous  dextrose.  When  Fehliug^s  Solution  is- 
boiled  in  the  presence  of  dextrose,  yellowish  hydrated  cuprous  oxide 
is  first  formea,  which  is  finally  changed  into  the  anhydrous  brick- red 
variety.  Since  dextrin  also  reduces  the  cupric  salt  of  Fehling's  Solu- 
tion, its  absence  must  first  be  ascertained  in  all  quantitative  deter- 
minations by  this  method.  Barfoed's  Solution,  consisting  of  13.3 
Gm.  of  crystallized  cupric  acetate  and  2  Gm.  of  glacial  acetic  acid 
in  200  Cc.  of  water,  suffers  reduction  with  all  glucoses,  but  not 
with  dextrin. 

The  name  dextrose  was  given  to  this  particular  sugar  on  account 
of  its  dextro-rotatory  power,  since  it  invariably  deflects  the  ray  of 
polarized  light  to  the  right  when  examined  by  means  of  a  polari- 
scope.  An  explanation  of  the  uses  of  the  polariscope  can  be  found 
on  VSLges  580  and  581  of  the  Pharmacopoeia. 

The  British  Pharmacopoeia  recognizes  an  official  syrup  of  glucose^ 
made  by  mixing  commercial  liquid  glucose  with  twice  its  weight  of 
syrup. 

Fmctose,  or  levnlose,  is  of  interest  chiefly  as  a  natural  constitu- 
ent  of  honey ;  it  occurs  also  associated  with  dextrose  in  many  fruits^ 
and  is  therefore  known  as   fruit-sugar.     The  name  levulose  was 
given   it  because  it  is  Isevo-rotatory — ^that  is,  causes  the  plane  of 
polarized  light  to  deviate  to  the  left.     When  pure,  it  occurs  as  a 
colorless  or  faintly  yellowish  syrup  of  very  sweet  taste,  which  crys- 
tallizes with  great  difficulty ;  it  remains  in  the  liquid  portion  of 
honey  after  all  the  granular  dextrose  has  been  removed.     As  stated 
under  Starch,  fructose  is  formed  also  by  prolonged  boiling  of  inulin 
with  diluted  acids.     The  term  inverted  sugar  is  usually  applied  to 
the  mixture  of  dextrose  and  fructose,  whether  obtained  by  inversioa 
of  cane-sugar  by  means  of  diluted  acids  and  heat,  or  by  some  special 
ferment,  such  as  that  supplied  by  bees  in  the  manufacture  of  honey^ 
Natural  honey  contains  from  65  to  80  per  cent,  of  a  mixture  of 
dextrose  and  levulose,  together  with  small  portions  of  cane-sugar^ 
besides  20  or  30  per  cent,  of  water  and  about  0.1  per  cent,  of  formic 
acid.     During  the  clarification  of  honey  the  acid  is  generally  dissi- 
pated, and  possibly  on  this  account  clarified  honey  is  more  prone  ta 
fermentation  than   the   crude   article.     Commercial  honey  is   fre- 
quently adulterated  with  a  solution   of  glucose  and  dextrin ;  the 
latter  can  be  detected  by  addition  of  an  excess  of  official  alcohol  ta 
an   aqueous  solution  of  honey.     Any  dextrin  present  will  be  pre- 
cipitated in  the  form  of  white  flocculi. 

Polyflaccharides  appear  to  be  the  result  of  condensation  of  two 
or  more  molecules  of  one  or  any  two  members  of  the  group  of  glu- 
coses^ water  being  eliminated  at  the  same  time  ;  hence  they  may  be 
considered  as  ether-like  anhydrides;  thus,  2C6H,206  =  CijHjaOn -h 
H^O.  In  support  of  this  view,  the  members  of  this  group  have 
been  found  to  take  up  water  and  split  up  into  equal  molecules  of 
glucoses  if  heated  with  diluted  acids.     These  sugars  are  darkened 
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by  strong  sulphuric  acid,  and  form  colorless  combinations  widi  tlie 
alkalies,  differing  in  these  respects  from  the  glucoses.  The  more 
important  members  of  the  group  are  sucrose  or  cane-sugar,  lacto^ 
or  milk-sugar,  and  maltose  or  malt-sugar ;  mycose,  identical  with 
trehalose,  is  of  some  interest  as  occurring  in  ergot  With  the  ex- 
ception of  malt-sugar,  the  members  of  the  cane-sugar  group  can  be 
fermented  only  after  previous  conversion  into  one  of  the  glucoses. 

Sucrose,  CijHjjO,,,  officially  recognized  as  Saceharum,  is 
obtained  from  sugar-cane,  sorghum,  and  the  common  Earopean 
«ugar-beet.  While  immense  quantities  of  sugar  are  prepared  in 
this  country  direct  from  the  juice  of  the  cane,  considerable  amounts 
are  imported  also  in  the  form  of  raw  or  crude  sugar  for  refining 
purposes. 

Kecently  collected  sugar-cane  yields  by  crushing  and  expressing 
about  80  per  cent,  of  juice,  which  contains  from  78  to  84  per  cent, 
of  water,  16  to  21  per  cent,  of  sugar,  0.3  to  0.4  per  cent,  of  mucilag- 
inous, resinous,  fatty,  and  albuminous  matters,  and  nearly  the  same 
amount  of  salts.     The  juice  is  a  grayish,  turbid,  sweet  liquid,  which 
is  clarified  by  heating,  a  little  lime  being  at  the  same  time  added  for 
the  purpose  of  neutralizing  free  acid;  it  is  then  concentrated  by 
rapid  evaporation  in  open  pans,  transferred  to  coolers,  where  it  is 
frequently  stirred,  and  afterward  into  casks  perforated  at  the  bottom 
and  arranged  in  such  a  manner  that  the  liquid  portion  may  drain  off 
and  be  collected  in  suitable  tanks.     Th'e  granular  solid  product  thus 
obtained  constitutes  the  raw  or  muscovado  sugar  of  commerce ;  the 
liquid  portion  is  known  as  treacle  or  molasses.     Raw  sugar  is  refined 
by  dissolving  it  in  water,  the  solution  is  heated  with  blood,  the  im- 
purities are  skimmed  off,  and  the  liquid  is  filtered  through  recently 
burned  granular  animal  charcoal.     The  clear  and  colorless  filtrate  is 
ooncentrated  in  a  vacuum-pan,  and  when  of  sufficient  density  run  off 
into  conical  molds,  the  narrow  orifice  of  which  is  closed  by  a  ping. 
It  solidifies  as  a  dense  crystalline  mass,  which  is  drained  by  the  re- 
moval of  the  plug,  and  freed  from  the  remaining  colored  mother- 
liquor  by  percolating  through  it  a  concentrated  solution  of  pore 
sugar,  after  which  it  is  dried  and  sent  into  commeroe  as  refined  or 
loaf  fntgar.     By  concentrating  the  mother-liquors  they  are  made  to 

?^ield  more  sugar  of  an  inferior  grade,  until  finally  a  thick  syrupy 
iquid  is  obtained,  which  refuses  to  cr}'stallize,  and  is  known  as  wgat' 
house  molasses,  and  in  England  as  treacle. 

The  method  of  obtaining  sugar  from  the  sugar-beet  is  very  similar 
to  that  described  above,  but  is  attended  with  greater  difficulties, 
owing  to  th^  presence  of  larger  quantities  of  pniteids  and  of  other 
foreign  constituents. 

Until  1825  sugar-cane  was  practically  the  sole  supply  of  sucrose, 
after  which  time  improved  methods  were  devised  for  producing 
«ugar  from  beets  on  a  commercial  scale.  The  presence  oi  sugar  in 
the  common  forage  beet  was  discovered  by  Marggraf  in  1747,  and 
by  scientific  cultivation  the  sugar-content  has  been   gradually  in- 
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creased  from  6  per  cent,  to  nearly  20  per  cent,  although  the  full 
amount  is  never  obtained.  At  present  the  beet-sugar  industry  has 
^own  to  enormous  proportions,  and  more  than  one-half  of  the 
world's  supply  of  sugar  is  to-day  obtained  from  the  sugar-beet ;  in 
1904-1905  this  variety  produced  amounted  to  nearly  5,000,000 
tons. 

Hard  commercial  sugars,  dried  by  artificial  heat,  contain  probably 
M  per  cent,  of  sucrose,  whereas  the  softer  sugars  which  have  been 
merely  centrifugated  may  contain  from  4  to  6  i>er  cent,  of  water. 

Sucrose  is  soluble  in  half  its  weight  of  water  at  15°  C.  (59°  F.), 
and  in  175  parts  of  alcohol  at  the  same  temperature ;  it  is  thus  seen 
to  be  more  soluble  in  water  and  less  soluble  in  alcohol  than  glucose. 
A  saturated  solution  of  cane-sugar  at  15°  C.  (59°  F.)  contains  67.72 
per  cent,  of  sugar  and  has  a  specific  gravity  of  1.345 ;  one  liter 
contains  910.8  Gm.  of  sugar  and  434.2  Gm.  of  water.  Official  syrup 
is,  therefore,  a  little  less  than  saturated,  containing  64.54  per  cent, 
of  sugar.  While  dextrose  melts  at  80°  C.  (176°  F.),  dry  cane-sugar 
remains  unaltered  at  this  temperature,  but  melts  at  160°  C.  (310° 
F.),  congealing  afterward  to  a  slightly  colored,  glassy  mass.  Heated 
to  180°  C.  (356°  F.),  cane-sugar  splits  up  into  dextrose  and  a 
product  isomeric  with  starch  and  dextrin,  known  as  levulosan ; 
above  205°  C.  (401°  F.),  a  dark-brown,  thick  liquid  of  complex 
composition  and  bitter  taste  results,  to  which  the  name  caramel  has 
been  given. 

If  cane-sugar  be  heated  with  diluted  (5  per  cent.)  sulphuric  acid, 
it  is  changed  into  inverted  sugar,  a  mixture  of  equal  molecules  of 
dextrose  and  fructose,  and  is  only  then  capable  of  fermentation; 
certain  ferments  produce  the  same  effect.  Sucrose  is  always  dextro- 
rotatory, but  becomes  less  so  aft;er  inversion,  as  the  fructose  then 
present  exercises  its  laevo-rotatory  effect  on  the  plane  of  light. 

The  purest  sugar  obtainable  is  that  known  as  cut  loaf  sugar, 
which  is  the  best  kind  for  the  preparation  of  syrups  and  similar 
solutions,  but  is  not  so  convenient  for  use  as  granulated  sugar ;  the 
latter,  however,  is  frequently  contaminated  with  ultramarine,  the 
blue  color  of  which  is  intended  to  overcome  the  natural  yellowish 
tint  of  the  sugar. 

The  official  test  for  the  presence  of  grape-sugar  in  cane-sugar 
depends  upon  the  reduction  of  the  silver  nitrate  to  the  metallic  state 
by  the  dextrose,  as  pure  cane-sugar  is  without  effect  upon  it. 

Cane-sugar  is  used  as  a  valuable  preservative  for  many  otherwise 
unstable  solutions,  and  its  sweet  taste  renders  it  a  desirable  adjuvant 
in  prescriptions.  It  is  also  known  to  increase  the  solubility  of  several 
metallic  oxides  and  vegetable  principles. 

Lactose.  Oi^B^Oi^  +  HjO. — Sugar  of  milk,  which  is  recognized 
in  the  Pharmacopoeia  by  the  Latin  name  Saccharum  Lactis,  is  obtained 
from  the  milk  of  mammalia,  in  which  it  is  found  to  the  extent  of 
from  3  to  6  per  cent.  It  appears  to  be  present  in  larger  proportion 
in  the  milk  of  herbivorous  animals  than  in  that  of  the  carnivorse, 
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and  is  said  to  exist  also  in  the  fruit  of  Achras  sapota,  a  tree  of  the 
West  Indies,  this  being  the  only  known  case  of  its  occurrence  in  ike 
vegetable  kingdom.  Milk-sugar  is  obtained  by  crystallization  from 
the  whey  or  thin  fluid  remaining  after  removal  of  the  casein  or 
albuminous  principle  by  coagulation.  The  crude  granular  product 
is  purified  by  resolution,  filtration,  and  recrystallization.  Prior  to 
1890  the  world's  supply  of  milk-sugar  was  furnished  by  Europe^ 
chiefly  Switzerland,  but  since  then  large  quantities  are  being  maDU- 
factured  in  this  country,  the  present  annual  production  being  esti- 
mated at  about  1,500,000  pounds. 

The  crystals  of  sugar  of  milk  contain  5  per  cent,  of  water,  which 
is  not  lost  until  a  temperature  of  130°  C.  (266°  F.)  is  reached.  They 
are  very  hard,  and  require  about  6  or  7  parts  of  water  for  solution, 
the  solution  being  far  less  dense  than  one  of  either  dextrose  or  cane- 
sugar  of  equal  concentration,  and  far  less  sweet  in  taste.  As  found 
in  the  shops,  sugar  of  milk  is  always  in  the  form  of  powder,  whic\v 
feels  gritty  between  the  teeth.  In  pharmacy  it  is  used  exclusively 
as  a  diluent  in  the  preparation  of  triturations,  powdered  extracts, 
etc.,  for  which  purpose  it  is  admirably  adapted,  as  it  is  non-hygro- 
scopic. 

Like  dextrose,  sugar  of  milk  is  dextro-rotatory,  and  also  reduoeij 
an  alkaline  solution  of  cupric  tartrate,  but  does  not  reduce  Barfoed'-> 
Solution  of  cupric  acetate  (see  page  637).  Boiled  with  diluted  adfls 
sugar  of  milk  yields  dextrose  and  galactose ;  the  latter  crj'stalliie* 
in  large  prisms  and  yields  mucic  acid,  insoluble  in  cold  water  when 
treated  with  nitric  acid,  whereas  dextrose  yields  saccharic  acid,  which 
is  soluble. 

The  presence  of  cane-sugar  in  sugar  of  milk  may  be  recogniod, 
as  stated  in  the  Pharmacopoeia,  by  sprinkling  about  1  Gm.  of  the 
suspected  sugar  upon  5  Cc.  of  sulphuric  acid,  contained  in  a  flai- 
bottomed  dish,  and  then  covering  with  a  watch-glass  to  prevent  the 
admixture  of  dust  and  other  matter ;  the  acid  should  acquire  at  nn^t 
a  greenish  or  reddish,  but  no  brown  or  brownish-black,  color  within 
half  an  hour.  It  is  important  that  no  heat  be  applied  during  thi^ 
test,  as  milk-sugar  itself  will  char  at  an  elevated  temperature  in  the 
presence  of  the  acid. 

Maltose,  or  malt-sugar,  is  produced  by  the  action  of  diastase  of 
malt  on  starch,  either  during  the  germination  of  the  barley  or  when 
diastase  is  mixed  with  starch  and  water  and  kept  at  a  temperature 
of  70°  C.  (158°  F.).  It  is  directly  fermentable,  and  is  of  consider- 
able interest  in  pharmacy  on  account  of  the  part  it  plays  in  the 
fermentation  of  grain  in  the  manufacture  of  alcohol.  When  hydrv- 
lyzed  by  means  of  diluteil  acid  or  by  the  action  of  diastase  or  yea?t, 
maltose  splits  up  into  two  molecules  of  dextrose.  Maltose  crysuir 
lizes  with  one  molecule  of  water,  and  is  readily  soluble  in  water: 
although  strongly  dextro-rotatory,  it  can  be  distinguished  from  dex- 
trose, like  milk-sugar,  by  means  of  Barfoed's  Solution. 


CHAPTEK    LVI. 

ALCOHOL  AND  ITS  DERIVATIVES. 

Although^  in  chemistry,  the  term  alcohol  is  used  to  designate 
a  group  of  compounds  derived  from  hydrocarbons  of  the  methane  or 
fatty  series,  by  replacement  of  one  or  more  hydrogen  atoms  by  a  cor- 
responding number  of  hydroxy!  groups,  which  have  certain  chemical 
properties  in  common,  it  is  restricted  in  pharmacy  to  one  substance, 
chemically  known  as  ethyl  alcohol,  and  recognized  in  the  Pharma- 
copoeia also  by  the  simple  term  alcohol.  When  other  alcohols  are 
ased  in  pharmacy  they  are  either  designated  by  specific  names,  such 
as  glycerin,  mannitol,  etc.,  or,  by  addmg  a  qualifying  prefix  to  the 
word  alcohol,  as  amyl  alcohol,  methyl  or  wood  alcohol,  etc.,  to  dis- 
tinguish them  from  ordinary  or  ethyl  alcohol. 

Alcohol  is  obtained  in  this  country  almost  exclusively  from  grain, 
while  in  Europe  potatoes  are  extensively  employed,  by  a  process 
known  as  vinous  fermentation.     Fermentation  is  a  process  of  decom- 
position differing  from  putrefaction  in  that  the  resulting  products 
are,  as  a  rule,  valuable,  or  at  least  useful,  and  not  accompanied  by 
offensive  gases ;  fermentation  is  usually  applied  to  the  decomposition 
of  substances  composed  of  carbon,  hydrogen,  and  oxygen  )  while  if 
nitrogen  and  sulphur  are  also  present  the  term  putrefaction  is  more 
aptlj  used,  on  account  of  the  putrid  or  foul  odor  emitted  by  such 
bodies  during  decomposition.      Certain  conditions  are  essential  to 
both  processes  of  decomposition,  namely,  the  presence  of  air,  moisture, 
heat,  and  certain  agents  known  as  ferments.     There  are  fermenta- 
tions of  various  kinds,  such   as    saccharine,  vinous,  mucic,  lactic, 
butyric,  and  acetous,  depending  upon  the  chemical  constitution  of 
the  substances  undergoing  change,  some  of  these  being  in  reality 
oxidation-processes  not  due  to  fermentative  action. 

The  first  step  necessary  in  the  manufacture  of  alcohol  is  the  sac- 
charine fermentation,  known  also  as  the  mashing  process,  which  con- 
sists in  tiie  conversion  of  starch  into  sugar  by  means  of  diastase. 
This  latter  substance  is  produced  during  the  germination  of  grain,  as 
n  the  malting  of  barley.  Halt  is  made  by  well  moistening  barley 
irith  i^ater  and  spreading  it,  about  two  feet  deep,  on  stone  floors,  in 
lark  rooms ;  heat  is  developed,  and  partial  germination  is  allowed  to 
t>  on,  during  which  time  diasta^  is  produced,  the  barley  assuming 
darker  color  and  peculiar  odor,  while  the  starch  of  the  grain  is 
3]iverted  into  dextrin  and  malt-sugar.  Diastase  is  capable  of  con- 
erting  2000  times  its  weight  of  starch  into  maltose.  W  hen  isolated^ 
is  a  Avhite  tasteless  solid,  soluble  in  water  and  weak  alcohol,  but 
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precipitated  by  strong  alcohol,  and  rendered  inert  by  the  heat  of 
boiling  water. 

During  the  mashing  process  lai^  quantities  of  raw  nain  are  it^ 
in  contact  with  malt  ana  water  at  a  modenit«l7  elevated  temperature, 
whereby  the  starch  by  action  of  the  diastase  is  first  changed  to 
malto-dextrin  and  maltose,  and  finally  all  converted  into  dextnue, 
apparently  by  the  simple  appropriation  of  water,  as  shown  bj  tbe 
following  equations ; 

(1)     4CH„0.  +  2H,0  =  £C„H„0„ 
Bliuch.  ItelloK. 

Iblta 

The  saccharine  solution  thus  obtained  is  known  as  wort,  vx}, 
after  addition  of  some  yeast,  is  allowed  to  undergo  femientatton  at  a 
temperature  which  is  maintained  between  15°  and  30°  C.  (59°  and 
SS**  R),  whereby  a  weak  alw- 
Fi<3-  298.  holic   liquid  is  produced,  due 

to  the  splitting  up  of  dextnue 
into  alcohol  and  carbon  dioxide*, 
thus,  C,H,A  =  2C,H.0H- 
2CO,.  Besides  alcohol  iu»d  car- 
bon dioxide,  however,  some 
amyl  alcohol  and  other  W 
mologous  products,  collectively 
designatea  as  fiisel  oil,  are  aL^i 
produced,  and  Pasteur  ha? 
shown  that  small  quantities  of 
glycerin  (3  per  cent)  and  suc- 
cinic acid  (0.6  per  cent.)  art 
invariably  forniea.  The  com- 
position of  these  socalled  hv 
wines,  or  weak  spirits,  vane? 
with  the  starchy  material  nv^i 
in  their  manufacture;  ihu.-. 
potato  starch  always  yield*  a 
much  larger  proportion  of  amy. 
alcohol  than  grain  starch,  whil- 
grain  spirit  is  contaminait^i 
with  (euanthii^  and  other  ettio^ 
The  percentage  of  alcohol  ia 
mashed  and  fermenting  mlv- 
tnres  never  exceeds  14  perwoi.- 
since  the  vcast  plant  caiiD-': 
live  in  fluid  coDtatninealar^-r 
column  «m  or  dephiegm«or.  percentage. 

Distillation  of  the  fermented  liquid  furnishes  a  product  ra»-t 
rii^hcr  in  alcohol  (raw  wliiskey),  which  is  then  further  rectified  I' 
treatment  with  recently  burned   charcoal   and  subsequent  distill*- 
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tion  in  stills  provided  with  a  series  of  condensers,  in  the  first  of 
which  much  of  the  water  and  amyl  alcohol  is  retained,  allowing  a 
purer  and  stronger  alcohol  to  pass  on  to  the  other  condensers.  For 
the  further  removal  of  water  and  foreign  odors  from  alcohol,  dis- 
tillation over  sodium  manganate,  anhydrous  sodium  acetate,  and 
freshly  burned  lime  is  employed. 

For  the  purpose  of  fkcilitating  the  rectification  of  alcohol  on  a 
lai^  scale,  use  is  made  of  a  distilling  column  or  dephlegmator,  which 
is  interposed  between  the  still  proper  and  the  condenser,  and,  as 
shown  in  Fi^.  298,  consists  of  a  series  of  communicating  chambers, 
one  above  me  other.  The  vapor  rising  from  the  still  enters  the 
lowest  chamber  through  a  narrow  tube  projecting  upward  into  the 
chamber,  and,  having  filled  the  space,  passes  into  the  next  com- 
partment through  a  second  tube  situatc^l  on  the  opposite  side  to 
that  through  which  the  vapor  entered.  By  this  arrangement 
the  less  volatile  vapors  will  be  condensed,  and  the  resulting  fluid 
collects  on  the  bottom  of  each  compartment,  and  if  in  sufficient 
quantity  to  rise  above  the  projecting  tube  it  flows  into  the  next 
lower  chamber,  thus  gradually  separating  the  less  volatile  vapors 
from  the  more  volatile,  and  finally  allowmg  only  the  more  volatile 
vapor  to  pass  from  the  uppermost  compartment  into  the  condenser. 
Naturally  the  continual  influx  of  hot  vapor  from  the  still  keeps  the 
liquid  collecting  on  the  bottom  of  the  several  compartments  warmed, 
whereby  the  more  volatile  portions  are  constantly  being  vaporized 
and  loss  thus  avoided. 

During  the  past  ten  or  fifteen  years  alcohol  has  been  successfully 
produced  from  cellulose  by  treating  dried  peat  with  very  dilute 
sulphuric  acid  for  several  hours  at  a  temperature  of  120^  C.  (248^ 
F.),  whereby  peat-sugar  is  formed,  which  is  subsequently  fermented 
with  yeast  and  distilled,  yielding  as  much  as  62  liters  of  absolute 
alcohol  for  1000  kilogrammes  of  dry  peat  used  (about  15  gallons  for 
<each  ton). 

The  Pharmacopoeia  recognizes  three  difierent  grades  of  strength 
of  alcohol,  designated  by  specific  names,  thus  : 

Percentage  of  True  Ethyl  Alcohol. 
By  weight  By  volume. 

Alcohol about    92.3  94.9 

Abeolute  alcohol 99.0  99.5 

Diluted  alcohol about    41.5  48.9      * 

Whenever  alcohol  and  water  are  mixed,  heat  is  evolved  and  con- 
traction of  volume  results,  both  varying  with  the  proportions  of  the 
liquids  used.  According  to  Fliickiger,  the  rise  of  temperature  will 
I>e  greatest  when  30  parts  by  weight  of  absolute  alcohol  are  mixed 
with  70  parts  by  weight  of  water,  amounting  to  9  degrees  C,  or 
16.2  degrees  F.,  and  the  greatest  contraction  occurs  when  58  vol- 
umes of  absolute  alcohol  are  mixed  with  54  volumes  of  water, 
amounting  to  a  loss  of  4  volumes  or  3.57  per  cent,  of  the  total 
mixture. 
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The  use  of  the  alcoholometer  for  ascertaining  the  percentage 
strength  of  commercial  alcohol  has  been  fully  explained  on  page  64, 
and  rules  have  been  give^  on  page  73  for  preparing  weaker 
alcohol  from  a  stronger  variety  by  dilution  with  water.  Besides^ 
the  Pharmacopceia  gives  specific  directions^  under  Diluted  Alcohol, 
for  preparing  mixtures  of  definite  strength. 

Uommercial  alcohol  does  not  always  come  up  to  the  requirements 
of  the  Pharmacopoeia  for  official  alcohol,  averaging,  as  a  rale,  from 
91  to  93  per  cent,  by  volume  of  ethyl  hydroxide ;  but  the  variety 
sold  as  (hlogne  spirit  generally  contains  94.5  or  95  per  cent;  tW 
latter  is  also  to  be  preferred  on  account  of  its  freedom  from  forego 
odor.     Alcohol  which  has  been  stored   for  some   time  inbamls, 
particularly  if  the  latter  have  been  imperfectly  charred  on  the  inside 
is  apt  to  be  contaminated  with  coloring-matter  and  tannin.    As 
found  on  the  maricet,  ordinary  alcohol,  and   even  Cologne  spirit, 
frequently  has  an  acid  reaction,  due  to  the  presence  of  acetic  acid, 
derived  from  the  aldehyde  always  more  or  less  present.    It  is  there- 
fore necessary  to  redistil  such  alcohol  from  potassium  hydroxide  or 
lime  before  using  it  for  analytical  purposes,  especially  the  titration 
of  alkaloids. 

Since    alcohol    may  be    adulterated  with    methyl    alcohol,  tbe 
Pharmacopoeia  gives  a  special  test  for  detection  of  the  latter,  as  fbl- 
lowsy  by  which  the  presence  of  as  little  as  24-  per  cent,  may  be  de- 
termined :     Into  a  test-tube,  of  the  capacity  ol  about  40  Cc.,  1  Cc.  of 
the  alcohol  or  spirit  to  be  tested  should  be  poured,  and,  if  it  be  un- 
diluted, enough  distilled  water  added  to  make  10  Cc.  in  all.    If  the 
alcohol  be  already  diluted,  a  correspondingly  larger  measure  of  it  is 
taken  and  diluted  to  10  Cc,  so  that  the  proportion  of  the  alcohol  in 
the  liquid  shall  not  be  more  than  about  10  per  cent,  by  volume.    A 
copper  wire  spiral  (made  by  winding  a  piece  of  No.  18  clean  copper 
wire  1  meter  long  closely  around  a  glass  rod  7  millimeters  thick, 
making  a  coil  about  3  centimeters  long,  the  end  of  the  wire  brine 
formed  into  a  handle)  should  be  heated  to  redness  in  a  flame  free 
from  soot,  then  plunged  steadily  quite  to  the  bottom  of  theliqwii* 
the  test-tube  and  held  there  for  a  second  or  two,  then  withdrawn  and 
dipped  into  water  to  cool.     This  treatment  with  red-hot  copper  sbouU 
be  repeated  five  or  six  times,  immersing  the  test-tube  in  cold  wa^r 
to  keep  down  the  temperature  of  the  liquid.     The  contents  of  the 
test-tube  are  now  filtered   into  a  wide   test-tube    and   boiled  vfiry 
gently.     If  the  odor  of  acetaldehyde  be  perceptible,  the  boiling  i?  ^* 
be  continued  until  the  odor  ceases  to  be  distinguished  clearly.    Th^ 
liquid  is  now  cooled,  and  to  it  is  added  1  drop  of  a  solution  containing 
1  part  of  resorcinol  in  200  parts  of  water.     A  portion  of  this  liquJ'* 
is  then  poured  cautiously  into  a  second  tube  containing  pare  sul- 
phuric acid,  the  tube  being  held  in  an  inclined  position,  in  such  a  vay 
that  the  two  liquids  shall  not  mix ;  this  tube  is  allowed  to  stanil  U 
three  minutes,  and  then  slowly  rotated.     No  rose-red  ring  sbwi^' 
show  at  the  line  of  contact  of  the  two  layers.     The  test  depends  i-n 
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the  formation  of  formaldehyde  from  methyl  alcohol  by  the  oxidizing 
effect  of  the  red-hot  copper,  and  the  reaction  between  this  and  resor- 
cinol,  as  shown  by  the  rose-red  color. 

Absolute  Alcohol  is  intended  to  be  identical  with  official  alco- 
hol as  far  as  the  absence  of  amyl  alcohol  and  other  impurities  is 
concerned,  but  contains  far  less  water  than  the  latter,  the  Pharma- 
copoeia not  allowing  more  than  1  per  cent,  by  weight.  The  entire 
absence  of  traces  of  moisture  is  practically  impossible,  although  the 
amount  is  reduced  to  less  than  0.6  per  cent,  by  some  manufacturers. 
Among  the  various  dehydrating  agents  suggested,  freshly  burned 
lime  has  been  found  most  desirable. 

In  the  manufacture  of  absolute  alcohol,  high  erade  commercial 
alcohol  (95  per  cent.)  free  from  foreign  odor,  is  either  shaken  with 
the  lime  in  coarse  powder  for  some  time,  or  caused  to  percolate 
repeatedly  through  alternate  layers  of  fine  and  coarse  granules  of 
lime,  in  an  apparatus  so  arranged  as  to  avoid  all  contact  with  air, 
after  which  it  is  transferred,  witnout  exposure,  to  a  column-still  and 
distilled  at  a  low  temperature,  under  reduced  pressure,  by  which 
means  the  alcohol  vapor  is  made  to  pass  through  several  condensing 
chambers,  in  which  any  aqueous  moisture  still  remaining  will  be 
separated  and  flow  back  into  the  still. 

Absolute  alcohol  is  very  hygroscopic,  and  should  be  preserved  in 
tightly  stoppered  bottles  containing  either  some  anhydrous  cupric 
aulphate  or  pieces  of  freshly  burned  lime.  In  pharmacy  its  use  is 
<x>nfined  to  that  of  a  solvent  for  phosphoms  and  similar  substances, 
but  in  the  manufacture  of  certain  chemicals  it  is  more  extensively 
employed. 

Diluted  Alcohol,  a  most  valuable  solvent  for  many  vegetable 
principles,  is  made  by  mixing  equal  volumes  of  official  alcohol 
and  water.  Since  the  mixture  suffers  nearly  3  per  cent,  loss  by 
contraction,  the  finished,  cooled  product  contains  about  48.9  per 
<jent.  by  volume  of  absolute  ethyl  alcohol.  It  should  not  be  used 
until  the  temperature  of  the  mixed  liquids  has  fallen  to  that  of  the 

room. 

Proof  spirit,  as  recognized  by  the  U.  S.  Government,  contains 

.50  per  cent,  by  volume  of  absolute  alcohol,  and  is  reckoned  by 

^gaugers  as  equivalent  to  100  degrees;  hence,  the  terms  25  or  40 

above  or  below  proof  do  not  refer  to  liquids  containing  25  or  40  per 

<;ent.  of  alcohol,  more  or  less,  than  the  50  per  cent,  proof  spirit,  but 

only  one-half  as  much,  namely,  1 2.5  or  20  per  c^int.,  each  proof  degree 

representing  0.5  per  cent,  of  absolute  ethyl  alcohol.    Official  94.9  per 

<>ent.  alcohol  is  thus  said  to  stand  at  189.8  degrees,  or  89.8  d^rees 

^bave  proof. 

JDeiivatiTes  of  AlcohoL — The  following  preparations  made  from 
ethyl  alcohol  are  officially  recognized  in  the  Pharmacopoeia,  and 
therefore  of  special  interest  to  pharmacists:   ether,   acetic  ether. 
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ethereal  oil,  ethyl  carbamate,  ethyl  chloride,  spirit  of  nitrous 
ether,  paraldehyde,  chloroform,  hydrated  chloral,  and  iodoform.  lo 
addition,  a  few  allied  and  some  unofficial  preparations  will  also  be 
considered. 

Ether. — The  general  term  ether  is  used  by  chemists  to  designate 
oxides  of  hydrocarbon  radicals ;  both  simple  and  mixed  ethers  are 
known,  as  the  oxygen  may  be  united  to  two  groups  of  the  same  or 
mixed  radicals ;  thus,  (CjHa),©,  ethyl  ether,  and  (CH3)20,  methvl 
ether,  are  simple  ethers,  while  (CHaCjHg)©,  methyl  ethyl  ether,  i» 
a  mixed  ether. 

The  Pharmacopoeia  recognizes  but  one  compound  by  the  name 
ether  (Latin  cBther),  namely,  ethyl  ether  or  ethyl  oxide,  (C^jjjO^ 
and  in  all  official  formulas  and  physicians'  prescriptions  this  sub- 
stance is  to  be  understood  as  intended.  Ethyl  ether  is  sometimes 
called  sulphuric  ether,  and  several  commercial  varieties,  known  a^ 
concentrated  and  washed  ether,  are  found  on  the  market;  but  as 
their  strength  and  purity  are  not  stated  on  the  label,  they  should  not 
be  used  in  place  oi  the  official  ether.  The  process  of  ether  mano- 
facture  consists  in  heating  a  mixture  of  alcohol  and  sulphuric  acid  in 
a  suitable  still,  by  means  of  steam  coils,  to  130^  C.  (266°  F.),  and, 
when  the  distillation  of  ether  begins,  allowing  a  continuous  supply 
of  alcohol  to  fall  into  the  still  from  a  feed-back  so  r^ulated  that  the 
mixture  shall  be  kept  at  a  constant  quantity  and  temperature.  The 
vapors  are  pa.ssed  through  two  purifiers :  the  first  one,  of  cast-iron^ 
containing  a  solution  of  potassium  hydroxide,  in  which  water  ami 
other  impurities  are  washed  out ;   the  second  one,  of  block  tin,  is 

Erovided  with  a  bed  of  pebblestones,  where  alcoholic  and  other  vapc)rs 
aving  a  higher  boiling-point  than  ether  are  recondensed  and  carried 
to  the  feed-back  near  the  still.  In  order  that  no  ether  may  be  l>^t, 
both  purifiers  are  kept  heated,  the  purified  ether  vapor  being  finally 
condensed  in  a  large  worm  surrounded  by  nmning  water. 

Etherification  may  thus  be  explained  :  when  alcohol  and  gulphuric 
acid  are  mixed,  one  molecule  of  each  combines  to  form  etbylsu\- 
phuric  acid  and  water,  C,HpH  +  H^SO,  =  C^H^HSO,  +  HjO. 
In  the  presence  of  heat  and  an  excess  of  alcohol  a  further  leactioii 
ensues,  ether  being  produced  and  sulphuric  acid  regenerated ;  thas» 
C,H,HSO,  +  C^,OH  =  (C^,),0  +  H^,. 

The  theoretical  yield  of  ether  amounts  to  nearly  5  pounds  for 
each  gallon    of  alcohol  used,  but  in  practice  rarely  more  than  4 

Eounds  are  recovered.  It  is  important  that  the  temperature  be  keps 
etween  130°  and  138°  C.  (266°  and  280.4°  F.),  so  as  to  avoid  the 
distillation  of  much  alcohol  vapor  and  the  formation  of  oth«r  com- 
pounds. Since  sulphuric  acid  is  continually  regenerated  its  powder 
of  etherifyinff  alcohol  is  theoretically  without  limit,  but  in  practice 
it  is  found  that  water  and  other  impurities  in  the  alcohol  gnuloally 
interfere,  the  acid  being  diluted  and  becoming  black  while  the  mixt- 
ure in  the  still  begins  to  froth.     According  to  the  late  Dr.  SqniWn  a 
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charge  of  360  pounds  of  concentrated  sulphuric  acid  is  sufficient  for 
the  etherification  of  120  barrels  of  good,  clean  alcohol. 

Official  ether  has  a  specific  gravity  of  0.71 6  to  0.717  at  25°  C. 
(77*^  F.)  and  contains  96  per  cent,  of  absolute  ethyl  oxide;  the 
remaining  4  per  cent,  consists  of  alcohol  and  traces  of  water  which  it 
is  impracticable  to  remove.  It  is  best  preserved  in  tin  containers 
holding  from  100  6m.  upward,  as  they  are  less  liable  to  breakage 
than  gmss.  Ether  is  very  inflammable,  and  its  vapor,  which  is  about 
two  and  a  half  times  as  heavy  as  air,  when  mixed  with  the  latter 
explodes  in  contact  with  flame ;  hence  care  is  necessary  in  handling 
and  dispensing  ether,  especially  at  night. 

Besides  being  used  in  various  manufacturing  processes,  ether 
enters  also  into  the  composition  of  two  alcoholic  solutions,  designated 
in  the  Pharmacopoeia  as  spirit  of  ether  and  compound  spirit  of  ether 
(see  page  260),  which  should  be  prepared  by  the  pharmacist  himself^ 
on  account  of  the  variable  quality  of  the  commercial  articles. 


Ether. — Under  this  name  the  Pharmacopoeia  recognizes 
a  somewhat  impure  ethyl  acetate,  CjHgCjHjO,  or  CHjCOOCjIIj,  the 
impurities  being  chiefly  alcohol  and  water.      Much  of  the  acetic 
ether  found  on  the  market  is  of  inferior  quality,  and,  as  its  manu- 
facture presents  no  difficulties,  .the  following  process  of  Hager  ia 
recommended,  the  author  having  repeatedly  used  it  with  much  satis- 
faction :  126  Gm.  of  official  alcohol  are  mixed  with  218  6m.  of  94 
per  cent,  or  222  6m.  of  official  (92.5  per  cent.)  sulphuric  acid,  and 
the  mixture  allowed  to  stand  for  two  or  three  days  in  a  well-closed 
flask,  so  that  ethylsulphuric  acid  may  form.     Having  rendered  a 
quantity   of   sodium   acetate   anhydrous,   by   heating  at   130^   C. 
(266°  F.)  to  constant  weight,  164  6m.  of  this  acetate,  in  powdery 
are  placed  in  a  retort  and  the  acid-alcohol  mixture  carefully  added. 
The  retort  is  heated  in  a  water-bath  and  the  vapors  condensed  in  a 
well-cooled  receiver  as  long  as  a  brisk  reaction  continues ;  the  final 
distillate  is  collected  separately,  as  it  is  likely  to  be  contaminated 
more  largely  with  acetic  acid.     The  reactions  occurring  in  the  fore- 
going process,   may   be  illustrated  by   the  equations   C2H5OH  + 
H^,  =  C,H,HSO,  +  H,0  and  CjH^HSO,  +  NaCaHjO^^  C,H,C, 
II3O2  +  NaHSO,. 

Crude  acetic  ether  is  always  more  or  less  contaminated  with  alco- 
hol and  acetic  acid,  which  are  removed  by  repeatedly  agitating  the 
ether  with  one-third  of  its  volume  of  a  20  per  cent,  sodium  chloride 
Bolution  containing  also  2  per  cent,  of  sodium  carbonate  and  carefully 
decanting  the  ethereal   layer.     Milk   of  lime  and  caustic  alkalies 
should  not  be  used,  since  the  acetic  ether  would  thereby  be  decom- 
posed and  converted  into  alcohol  and  the  respective  acetate.     For  the 
removal  of  water,  the  purified  ether  is  well  shaken  for  some  timQ  with 
iVeshlv  ignited  potassium  carbonate  and  redistilled  in  a  water-bath  ; 
dehydrated  acetic  ether  is  far  more  stable  than  that  containing  water. 
Of&cial  acetic  ether  should  be  neutral  to  litmus-paper,  contain  net 
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less  than  90  per  cent,  of  ethyl  acetate,  and  be  soluble  in  not  less  than 
7  parts  of  water  at  25®  C.  (77°  F.^ ;  absolute  ethyl  acetate  wqoiws 
about  16.5  parts  of  water  for  solution. 

Ethereal  Oil. — This  name  is  applied  in  the  Pharmacopoeia  to  & 
volatile  liquid  composed  of  equal  volumes  of  so-called  heavy  oil  of 
wine  and  ether.  Heavy  oil  of  wine  is  a  somewhat  complex  "mixture, 
containing  from  44  to  48  per  cent,  of  esters,  chiefly  diethyl  sulphate, 
(CjHg)^©^,  besides  other  compounds  regarding  which  no  satisfactorv 
information  exists.  The  official  directions  for  preparing  heavy  oil  uf 
wine  are  to  distil  a  mixture  of  equal  volumes  of  alcohol  and  sul- 
phuric acid  (previously  allowed  to  stand  for  twenty-four  houre,  partly 
to  separate  lead  sulphate),  on  a  sand-bath,  at  a  teniperature  between 
150°  and  160°  C.  (302°  and  320°  F.),  as  long  as  oily  drops  pa^ 
over.  The  ethereal  liquid  is  separated  from  the  distillate  and 
exposed  to  the  air  to  free  it  from  ether,  after  which  it  is  drained  on  i 
well-wetted  filter  and  washed  with  cold  water.  Pure  heavy  oil  of 
wine  is  a  yellowish,  somewhat  thick,  oily  liquid  of  a  peculiar  aromatic 
odor  and  having  a  specific  gravity  of  1.13  at  15°  C.  (59®  FA 
Diluted  with  an  equal  volume  of  ether,  it  constitutes  official  ethereal 
oil,  a  transparent  colorless  or  pale-yellowish  liquid,  of  0.905  specific 
gravity  at  25°  C.  (77°  F.). 

Ethereal  oil  is  used  solely  in  the  preparation  of  the  official  com- 
pound spirit  of  ether,  in  which  it  is  present  to  the  extent  of  2.5  per 
cent,  by  volume  (see  page  260). 

Much  confusion  exists  regarding  the  so-called  ethereal  oil  and 
heavy^  oil  of  wine  of  diffierent  manufactures,  and  some  care  is  neces- 
sary in  the  purchase  of  the  commercial  article.  It  is  more  than 
probable  that  much  of  the  ethereal  oil  sold,  and  also  of  the  heavr 
oil  of  wine,  is  a  by-product  in  the  manufacture  of  ether  and  of 
entirely  different  composition  from  the  product  obtained  by  tbe 
official  process.  As  the  yield  of  heavy  oil  of  wine  does  not  average 
over  1  or  1 .5  per  cent,  of  the  weight  of  alcohol  used,  it  stands  to  reason 
that  careful  producers  cannot  furnish  true  ethereal  oil  at  low  figures. 

Ethyl  Bromide.  CjHj^Br. — This  liquid,  also  known  as  h^-dro- 
bromic  ether,  belongs  to  the  class  of  compounds  called  by  chemists 
haloid  ethers,  the  hydroxyl  groups  in  the  corresponding  alcohol? 
liaving  been  replaced  by  one  of  the  haloid  elements.  While  not 
official  in  the  United  States  and  British  Pharmacopoeias,  it  is  recog- 
nized in  the  German  Pharmacopoeia  as  oether  bromatusy  and  is  pre- 
pared by  distilling  a  mixture  of  potassium  bromide,  alcohol,  and 
sulphuric  acid,  washing  the  distillate  with  potassium  carbonate  solu- 
tion and  then  water,  and  finally  rectifying  over  calcium  chlori«i«*. 
The  following:  equation  explains  its  formation  :  CjHjjOH  +  KBr  * 
H^SO,  =  CjHsBr  +  KHSO,  +  HjO.  Ethyl  bromide  is  a  colorlt-^ 
liquid  of  nearlv  the  same  specific  gravity  as  chloroform,  bat  boiling 
at  38°  or  40°  C.  (100.4°  or  104°  F.) ;  it  has  a  neutral  reaction,  bnt  i^ 
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readily  decomposed  by  light  and  air,  becoming  acid  and  dark  in 

color.     It  must  not  be  confounded  with  ethylene  bromide,  CjH^Brj, 

a  liquid  of  2.163  specific  gravity  and  boiling  at  131°  C.  (267.8°  F.). 

Ethyl  Carbamate.  CsH^NO^  or  CO.NH3.OO2H5.— This  com- 
pound, also  known  as  ethyl-urethane,  and  conunercially  usually 
designated  simply  as  urethane,  is  an  ester  of  carbamic  acid,  obtained 
by  the  action  of  alcohol  on  urea  or  one  of  its  salts. 

In  chemistry  the  general  term  ^^  urethane  '^  is  applied  to  all  ethers 
of  carbamic  acid,  which  acid,  however,  has  thus  far  never  been 
isolated,  and  is  only  known  in  combination  :  its  most  familiar  com- 
pound is  ammonium  carbamate,  NH^NHjCO,,  one  of  the  constituents 
of  official  ammonium  carbonate.  If  the  formula  for  carbamic  acid 
is  assumed  to  be  HNH^COj,  then  the  formation  of  all  urethanes  may 
be  explained  by  the  substitution  of  a  univalent  radical  for  the  one  atom 
of  displaceable  hydrogen,  which  may  be  brought  about  in  various 
ways. 

Ethyl  carbamate  may  be  prepared  by  allowing  an  excess  of  alcohol 
to  react  with  urea  nitrate  at  a  temperature  of  about  125°  C.  (257° 
F.)  in  a  sealed  tube  for  several  hours.  The  resulting  mass,  when 
cool,  becomes  crystalline,  and  is  then  dissolved  in  just  sufficient 
water,  the  solution  being  subsequently  repeatedly  shaken  out  with 
«tber.  After  recovery  01  the  ether  the  residue  is  distilled  and  re- 
orystallized  from  water.  The  reaction  involved  is  shown  by  the 
following  equation :  (NH«),COHNO,  +  CJO^fiK  =  CO.NH,.OC, 
H^  +  NH,]^03. 

Ethyl  carbamate  occurs  in  colorless,  columnar,  odorless  crystals, 
>^hich  are  soluble  in  less  than  their  own  w^eight  of  water  or  of  alcohol 
at  ordinary  temperature.     It  is  used  as  a  hypnotic. 

Several  similar  compounds  have  been  introduced  under  specific 
names,  thus:  euphorinf  which  is  also  known  as  phenyl-urethane, 
CJO(NHC5H5)(OC2H5),  a  crystalline  powder,  sparingly  soluble  in 
<x>ld  water;  neurodin,  also  known  as  acetyloxyphenyl-urethane, 
05H4(CX),CH5)NH.CO,C2Hg,  colorless  crystals  sparingly  soluble  in 
oold  water ;  ihermodin,  also  known  as  acetylethoxyphenyl-urethane, 
O^H4(OC2H5)N(COCH5)(COjC,H5),  colorless  needle-shaped  crystals, 
^ery  sparingly  soluble  in  cold  water. 

Ethyl  Chloride.     Ofifil.—A  haloid  derivative  of  alcohol,  also 
known  as  hydrochloric  ether.     It  may  be  obtained  by  passing  dry 
hydrochloric  acid  gas  into  cold  absolute  alcohol,  distilling  at  a  very 
moderate  heat,  washing  the  distillate  with  water  and  a  weak  alkaline 
solution,  and  rectifying.     It  is  said  also  to  be  made  on  a  large  scale 
hy  heating  a  mixture  of  alcohol  and  concentrated  hydrochloric  acid 
for  some  time  under  increased  pressure  (40  atmospheres)  at  a  temper- 
ature of  150°  C.  (302°  F.),  and  then  distilling  the  resulting  product. 
The  ethyl  chloride  vapors  are  passed  through  water  warmed  to  25° 
O.  (77°  F.),  then  dried  by  passing  over  calcium  chloride,  and  finally 
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condensed  in  well-cooled  vessels.  The  reaction  between  alcohol  and 
hydrochloric  acid  is  shown  by  the  following  equation  :  CjHjOH  - 
HC1  =  C,H,C1  +  H20. 

Ethyl  chloride  is  a  coloriess^  mobile,  very  volatile  liquid,  havii)^ 
a  rather  agreeable  odor.  It  has  a  specific  gravity  of  0.918  at  8^  C. 
(46.4^  F.),  and  boils  at  12.5°  to  13°  C.  (54.5°  to  55.4°  F.),  and 
hence  should  be  kept  in  sealed  glass  tubes  in  a  cool  place.  As  it  i$ 
very  inflammable,  it  should  never  be  used  in  proximity  to  fire.  Id 
Eurr)pe,  more  especially  in  Belgium  and  France,  it  is  used  nnder 
the  names  chden  and  helen.  The  Pharmacopoeia  demands  the 
absence  of  hydrochloric  acid,  which  can  be  readily  detected  bv 
adding  a  few  drops  of  silver  nitrate  solution  to  an  alcoholic  solatioo 
of  ethyl  chloride,  when  no  turbidity  should  appear. 

Ethyl  chloride  is  usually  employed  as  a  local  anaesthetic,  and 
recently  mixtures  of  it  with  other  compounds  have  been  introduced 
for  general  anaesthesia,  such  as  ancegtholy  composed  of  ethyl  diloride 
17  parts,  chloroform  36  parts,  and  ether  48  parts,  all  by  weight; 
somnoform,  composed  of  ethyl  chloride  60  parts,  methyl  chloride  35 
parts,  and  ethyl  bromide  5  parts,  all  by  weight.  Anadhol  (Speier> 
IS  not  identical  with  the  preceding,  but  is  a  mixture  of  ethyl  chloride 
and  methyl  chloride. 

Bromoform.  CHBr,. — This  compound,  also  known  as  tribrom- 
methane,  belongs  to  the  general  group  of  halogen  substitution  com- 

Eounds.  It  may  be  obtained  by  the  action  of  calcium  or  potassium 
ypobromite  on  acetone,  the  mixture  being  distilled  with  the  aid  of 
heat.  The  reaction  occurring  is  shown  by  the  following  eqoatioii : 
CaH^O  +  SKBrO  =  CjHsBrsO  +  3KOH ;  CsHjBr^O  +  KOH- 
CHBrj  +  KC2H3O2 ;  tribromacetone  being  formed  during  the  first 
reaction,  and  this,  reacting  with  potassium  hydroxide,  yields  bromo- 
form and  potassium  acetate.  The  distillate  is  washed  \rith  water, 
then  shaken  with  sulphuric  acid,  again  washed  with  water,  and 
finally  freed  from  remaining  traces  of  acid  by  washing  with  sodiom 
hydroxide  solution  ;  the  bromoform  thus  purified  is  dehydrated  with 
calcium  chloride  and  carefully  distilled,  that  portion  coming  over 
between  148°  and  149°  C.  (298.4°-300.2°  F.)  being  collected. 

The  official  bromoform  is  a  mixture  of  99  per  cent,  of  absolute 
bromoform  and  1  per  cent,  of  absolute  alcohol,  the  latter  being  added 
as  a  preservative  agent.  It  is  a  heavy,  colorless,  mobile  liquid, 
having  an  ethereal  odor  and  a  sweetish  taste  resembling  chlorofonn : 
very  slightly  soluble  in  water,  but  soluble  in  all  proportions  m 
alcohol  and  in  fixed  oils.  It  has  a  specific  gravity  of  2.808  at  25^ 
C.  (77°  F.),  and  boils  at  148°  C.  (298.4°  F.) ;  when  cooled  to  6'  C. 
(42^8°  F.)  it  solidifies. 

Bromoform  is  unfit  for  use  if  it  has  become  colored  or  if  of  m 
acid  reaction,  showing  decomposition  ;  it  should  be  preserved  in  dai* 
amber-colored  bottles  in  a  cool  place,  and  never  be  exposed  to  direct 
sunlight. 


ALCOHOL  AND  ITS  DERIVATIVES.  651 

Chloroform.  CHOI3. — Like  bromoforra^  chloroform  belongs  to* 
the  halogen  substitution  compounds,  and  resembles  the  former  prepa- 
ration in  many  respects.  Formerly  all  chloroform  was  made  by 
distilling  alcohol  with  a  mixture  of  chlorinated  lime  and  water,  and 
the  British  Pharmacopoeia  still  recommends  this  process,  with  the- 
addition  of  slaked  lime.  The  reactions  by  this  method  are  some- 
what complicated,  resulting  in  the  final  formation  of  chloroform 
and  calcium  chloride  and  formate.  By  shaking  the  distillate- 
with  water  to  remove  undecomposed  alcohol,  crude  chloroform  is. 
obtained. 

Chloroform  may  also  be  obtained  by  treating  hydrated  chloral 
with  sodium  hydroxide,  when  the  following  reaction  occurs :  CCI3- 
CHO.HjO  +  NaOH  =  CHCl,  +  NaCHO,  +  H^O.  The  chloro- 
form is  distilled  off,  while  sodium  formate  remains  in  aqueous, 
solution. 

Since  1885  nearly  all  chloroform  has  been  made  from  acetone- 
by  distillation  with  chlorinated  lime,  it  having  been  found  to  be  the- 
richest  chloroform-yielding  substance  known.  The  reaction  occurring- 
mar  be  illustrated  as  follows :  2C^Ufi  +  eCaOCljj  =  2CHCI3  + 
CaCCjHjOA  +  2Ca(OH),  +  SCaCl^.  The  chloroform  obtained  bjr 
this  method  is  quite  free  from  the  chlorinated  by-products  frequently 
found  in  that  made  from  alcohol. 

For  the  purpose  of  purification  on  a  commercial  scale,  chloroform 
is  made  to  bubble  slowly  through  two  successive  deep  layers  of 
coDoentrated  sulphuric  acid,  and  afterward  brought  into  intimate 
contact  with  anhydrous  sodium  carbonate  for  the  purpose  of  remov- 
ing any  water  and  acid  mechanically  carried  over.  Finally,  the 
chloroform  is  siphoned  into  a  dry  still  and  distilled  in  a  water-bath 
at  a  temperature  not  exceeding  62°  C.  (142.6°  F.).  The  sulphuric 
acid  destroys  any  organic  impurities  present  and  gradually  darkena 
in  color,  finally  becoming  black. 

Absolutely  pure  chloroform  is  very  unstable  when  exposed  to  air 
and  diffused  daylight ;  but  if  air  be  rigidly  excluded,  it  does  not 
suffer  decomposition  even  in  direct  sunlight.  Experience  has  proved 
that  the  best  preservative  agent  for  chloroform  is  alcohol,  and  the- 
Pharmacopoeia  therefore  directs  the  presence  of  from  0.6  to  1  per 
cent,  of  the  latter.  The  chief  products  of  decomposition  of  chloro- 
form are  free  chlorine  and  carbonyl  chloride,  COClj,  which  are 
readily  detected  by  the  official  tests,  and  no  chloroform  should  be- 
used  for  internal  administration  which  shows  any  contamination.. 
The  present  Pharmacopoeia  recognizes  but  one  kind  of  chloroform^ 
but  the  term  '^  purified  chloroform ''  is  still  used  by  some  manufac- 
turers. 

The  term  formyl  terchloride  is  sometimes  applied  to  chloroform ;: 
it  may  also  be  called  trichlormethane  if  lookeu  upon  as  methane  or 
marsh-gas,  in  which  three  hydrogen  atoms  have  been  replaced  by 
chlorine. 
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Iodoform.  CHI3. — This  compound,  which  is  analogous  to 
bromoform  and.cliloroform  in  chemical  composition,  is  unusually  rich 
in  iodine,  and  may  be  obtained  from  alcohol  by  the  action  of  the 
former  element  in  the  presence  of  alkali  hydroxides  or  carbonates. 
It  contains  about  97  per  cent,  of  iodine.  For  many  years  only 
alcohol  Avas  used,  and  either  Bouchardat's  or  FilhoFs  process  em- 
ployed. The  former  consists  in  heating  iodine,  potassium  bicaibon- 
^te,  alcohol,  and  water,  in  a  long-neck  flask,  to  between  60^  and  80^ 
C  (140**  and  176°  F.)  until  the  color  has  disappeared,  then  adding 
small  portions  of  iodine  as  long  as  these  are  taken  up  and  decolor- 
ized ;  the  mixture  is  finally  set  aside  for  twenty-four  hours  and  the 
crystals  collected  on  a  filter.  About  one-third  of  the  iodine  is 
recovered  as  iodoform,  the  remainder  forming  potassium  iodide. 

Filhol's  process  insures  a  much  larger  yiela.  Iodine  is  added  in 
«mall  portions  to  a  warm  mixture  of  sodium  carbonate,  water,  and 
4ilcohol,  and,  afler  cooling,  the  crystals  are  collected  ;  the  filtrate  is 
again  warmed,  some  alkali  carbonate  added,  and  a  rapid  current  of 
chlorine  passed  through  the  liquid  as  long  as  iodoform  is  separated, 
which  is  again  collect^  and  the  filtrate  made  to  yield  more  iodo- 
form by  repeating  the  treatment.  The  formation  of  iodoform  may 
be  illustrated  by  the  following  equation  :  C5H5OH  +  la  +  6KHC0j 
=  CHI5  -1-  5KI  +  KCHO,  +  6CO,  +  SHfi,  alkali  formate  being 
probably  always  produced,  together  perhaps  with  ethyl  iodide,  acetic 
ether,  and  other  compounds.  The  result  appears  to  be  greatly 
influenced  by  the  relative  proportions  of  the  materials  used  and  the 
temperature  employed. 

Since  1889  tne  process  of  Sulliot  and  Raynaud  has  largely  been 
used,  by  means  of  which  iodoform  of  unusual  purity  is  obtained.  A 
solution  of  50  parts  of  sodium  or  potassium  iodide  (in  France, 
•derived  from  the  ash  of  sea-weed)  is  mixed  with  6  parts  of  acetone 
and  a  solution  of  2  parts  of  sodium  hydroxide  in  1000  parts  of  water ; 
a  dilute  solution  of  sodium  hypochlorite  is  added  drop  by  drop  as 
long  as  iodoform  is  produced,  the  yield  being  about  the  theoretical 

Quantity  according  to  tlie  equation  SNal  +  3NaC10  +  Cy3,0  = 
JHI3  +  3NaCl  +  NaCjHA  +  2NaOH. 
At  present  considerable  quantities  of  iodoform  are  made  by  sub- 
jecting a  solution  of  50  parts  of  potassium  iodide  in  300  parts  of 
water  and  30  parts  of  alcohol  to  electrolysis,  while  a  constant  cur- 
rent of  carbon  dioxide  is  passed  into  the  liquid. 

Iodoform  occurs  in  small,  lemon-yellow,  scale-like  crystals,  and 
also  in  the  form  of  powder,  which  have  a  strong  characteristic  odor, 
which  to  most  persons  is  very  disagreeable.  It  is  practically  in«'r 
nble  in  water,  but  dissolves  readily  in  alcohol,  ether,  and  fixed  oibj 
The  odor  of  iodoform  in  mixtures  and  ointments  may  be  diagu»» 
by  the  additi<;n  to  1  ounce  of  from  3  to  5  drops  of  oil  of  pepper- 
mint ;  Peru  balsam,  cumarin,  the  oils  of  fennel,  anise,  and  <>*^^ 
bave  also  been  recommended.  The  odor  1  Iheres  persistently  to  in* 
vessels  in  which  preparations  of  iodoform  have  been  made,  bat  bw/ 
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be  removed  by  a  few  drops  of  oil  of  turpentine,  followed  by  soap 
and  water. 

During  the.past  twenty-five  years  several  substitutes  for  iodoform 
have  been  introduced,  but,  in  spite  of  the  persistent  unpleasant  odor 
of  the  latter,  its  use  by  physicians  still  surpasses  that  of  the  proposed 
substitutes,  of  which  the  two  best  known  are  iodol  and  aristol,  both 
of  which  are  recognized  in  the  Pharmacopoeia,  the  latter  under  the 
name  thymol  iodide. 

lodoL  C4I4NH. — A  derivative  of  pyrrol,  also  known  as  tetra- 
iodopyrrol.  It  is  prepared  by  the  interaction  of  iodine  and  pyrrol 
in  alcoholic  solution,  when,  upon  the  addition  of  water,  iodol  is  sepa- 
rated in  the  form  of  yellow  crystalline  flocculi.  It  may  also  be  ob- 
tained by  adding  a  solution  of  pyrrol  in  sodium  hydroxide  solution 
to  a  solution  of  iodine  and  potassium  iodide  in  water,  the  resulting 

f>recipitate  being  subsequently  washed  with  water.  Pyrrol  is  a  basic 
iquid,  lighter  than  water,  obtained  by  fractional  distillation  from 
animal  oil  after  purification  of  the  latter ;  its  composition  is  shown 
by  the  formula,  C^H^NH. 

Iodol  is  a  grayish-brown,  bulky  powder,  more  or  less  crystalline^ 
and  free  from  odor  and  taste.  It  contains  about  89  per  cent,  of 
iodine,  and  requires  about  5000  parts  of  water  for  solution,  but  is 
quite  soluble  in  alcohol,  ether,  chloroform,  and  fixed  oils.  Its  alco- 
holic solution  is  miscible  with  elycerin. 

Iodol  is  the  oldest  of  the  iodoform  substitutes,  having  been  intro- 
duced  in  1885. 

Other  compounds  which  have  been  recommended  as  substitutes 
for  iodoform  are  europhen  or  di-isobutylorthocresol  iodide,  C^Hj^OjI, 
an  amorphous  yellow  powder ;  aozoiodol  or  sozoiodolic  acid  and  its 
salts,  C^H2l20HS03H  +  3H,0,  occurring  in  crystalline  form ;  Iosch 
phane  or  tri-iodometacresol,  CgHIjOHCHj,  odorless  and  colorless 
crystals  containine  nearly  80  per  cent,  of  iodine ;  sulphaminol  or 
thioxydiphenylamme,  Ci,HgOSjN,  a  yellow  insoluble  powder. 

Hydrated  Chloral.     0^01,0  +  H^O  or  OOI3COH  +  H^O.— 

This  compound,  as  indicated  in  the  official  title,  is  a  combination  of 
chloral  and  water.  Anhydrous  chloral  is  an  oily  liquid  having  the 
composition  CCI5COH. 

Iti  the  manufacture  of  hydrated  chloral  perfectly  dry  chlorine  gas 
is  passed  into  cold  absolute  alcohol  as  long  as  the  former  continues  to 
be  rapidly  absorbed,  after  which  the  mixture  is  rapidly  warmed  to 
60*^— 70"*  C.  (140°-158''  F.)  and  treated  with  sulphuric  acid,  whereby 
crade  chloral  is  separajted  as  a  thin  oily  liquid,  which  is  then  rectified 
over  burned  lime  and  chalk ;  the  final  distillate  of  pure  chloral  is 
'vreig^hed  and  hydrated  by  the  addition  of  a  calculated  quantity  of 
^virater^  the  hot  mass  being  poured  upon  plates  of  glass,  covered  with  a 
bell-^lflss  and  allowed  to  crystallize. 

The  reactions  occurring  in  the  above  process  were  at  one  time  sup- 
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posed  to  consist  in  the  formation  of  aldehyde  and  the  oonversioD  of 
this  into  chloral  or  trichloraldehyde  by  the  action  of  chlorine,  as 
illustrated  by  the  equations  C^HpH  +  CI,  =  C^H.O  +  2HC1  and 
€,H,0  +  CI,  =  CCI3CHO  +  3HC1.  This  view  is  no  longer  tenable, 
^nce  it  has  been  found  that  chlorine  brought  into  contact  witlialde* 
hyde  yields  trichlorbutylaldehyde,  C^HjCljO,  a  condensation-product, 
instead  of  chloral.  According  to  recent  authorities,  the  nascent  aid^ 
hyde  producecl  by  the  action  of  chlorine  on  alcohol  acts  upon  the 
absolute  alcohol  present,  forming  acetal  and  water  ;  thus,  2C{H|0H 
+  C2H4O  =  C2H4(OC2 1X5)2  +  HjO  J  ^^^  aoetal  is  converted  bvdilorine 
into  trichloracetai,  CjH.COCjH,),  -f  CI,  =  C^HClj^CKJ^H,),  +  SHCl, 
and  this  is  decomposed  by  the  hydrochloric  acid  present  into  chloral 
alcoholate  and  ethyl  chloride;  thus,  C,Ha5(OC,H5)2  +  HO ^ 
C2HCI3O.C2H5OH  +  C2H5CI ;  finally  the  chloral  alcoholate  is  de- 
<x>mposed  by  sulphuric  acid  into  chloral,  ethyl  sulphuric  acid,  and 
water,  C2HCI3O.C2H5OH  +  HjSO,  =  CCI3CHO  +  C^H^HSO^  - 
H2O.  Other  decomposition-products  are  also  formed  in  small 
•quantities. 

In  order  further  to  purify  the  crystals  of  hydrated  chloral,  it  i^ 
<5Ustomary  for  manufacturers  to  decompose  again  tlie  hydrate  with 
sulphuric  acid,  whereby  pure  chloral  is  set  free,  and  then  rectifiy, 
rehydrate,  and  recrystallize  the  product. 

Hydrated  chloral  is  readily  soluble  in  water,  alcohol,  ether, 
•chloroform,  fixed  and  volatile  oils.  Its  solutions  are  incompatible 
with  caustic  alkalies,  alkaline  earths  and  ammonia,  chloroform  and  a 
formate  of  the  base  being  produced.  While  aqueous  solutions  of 
hydrated  chloral  are  perfectly  neutral  when  freshly  prepared  they 
gradually  acquire  an  acid  reaction,  but  alcoholic  solutions  reouiiD 
neutral.  If  hydrated  chloral  be  dispensed  together  with  concrft*^ 
volatile  oils  or  phenols,  liquefaction  takes  place  and  the  mixture  mn< 
Jbe  thoroughly  triturated,  preferably  in  a  glass  mortar,  ontil  i 
homogeneous  liquid  results. 

Chloral  has  yielded  a  number  of  derivative  products  which  ar 
used  to  some  extent.     The  most  prominent  of  these  is 

Chloralformamide.     OfiJSi^^t  or  00l3.0H(0H)NH.00E- 

This  compound,  which  is  recognized  in  the  Pharmacopoeia,  is  com- 
mercially also  known  as  chhrdlamidey  although  tlie  latter  name 
properly  belongs  to  another  chemical,  chloral-ammoniay  having  the 
composition  CCI3COH  +  NH3.  The  official  title  in  the  Gerroaa 
Pharmacopoeia  is  chloralum  formamidatitm.  It  is  obtained  by  inter- 
action between  anhydrous  chloral  and  formamide  CHOXH.,  a  c«>l<'r- 
less  oily  liquid  produced  bv  dry  distillation  of  urea  and  ammoniuff. 
formate,  at  about  140°  C.'(284°  F.).  Chloralformamide  occur?  in 
white,  lustrous  crystals  whicli  are  slowly  soluble  in  cold  water,  bu; 
are  decomposed  by  water  heated  to  60"^  C.  ^140°  F.).  It  isnseda^a 
hypnotic,  and  must  not  be  confounded  witn  chloralimide^  a  decom- 
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position  prodnet  of  chloralamide  mentioned  above/  formed  when  the 
latter  is  heated. 

Other  compounds,  such  as  hypncU,  a  compound  of  chloral  and 
antipyrine,  soninal,  a  compound  of  chloral,  urethane,  and  alcohol, 
nral  or  uraliumy  chloral-urethane,  etc.,  are  less  important.  A  full 
account  of  these  may  be  found  in  the  National  Standcu'd  DispeTisa- 
iorj/f  p.  409. 

Closely  allied  to  the  official  hydrated  chloral  is  butyl-otdoral 
hydrate,  CjH^Cl^CXJH  +  H,0,  which  is  recognized  in  the  British 
Pharmacopoeia,  and  is  in  commerce  often,  although  wrongly,  called 
crotonchloral  hydrate.  It  is  prepared  from  ethyl  aldehyde  by  acting 
upon  it  with  chlorine  at  a  low  temperature, — 10°  C.  (14°  F.) ;  the 
mixture  is  finally  subjected  to  fractional  distillation  until  a  product 
boiling  uniformly  between  163°  and  165°  C.  (325.4°  and  329°  F.) 
is  obtained,  consisting  of  trichlorbutylaldehyde  or  butyl-chloral, 
which  is  then  .converted  into  the  crystalline  hydrous  variety  by 
addition  of  water.  Butyl-chloral  hydrate  dissolves  sparingly  in  cold 
water,  but  freely  in  hot  water,  alcohol,  and  glycerin.  It  diners  from 
hydrated  chloral  in  not  yielding  chloroform  with  alkalies,  but  instead 
dichlorallylene,  CjII^Clj. 

Bromal,  or  tribromaldehyde,  CBr3,C0H,  resembles  chloral  in 
its  chemical  nature  and  like  the  latter  forms  a  hydrate  and  analcohol- 
4ite.  It  is  prepared  from  absolute  alcohol  by  the  action  of  bromine, 
4ind  with  caustic  alkalies  forms  bromoform  and  alkali  formate. 
Bromal  must  not  be  confounded  with  bromol,  which  is  tribromo- 
phenol  (see  under  Phenol,  page,  620). 

Paraldehyde.  (C2H40)3. — This  liquid  is  a  polymeric  form  of 
ethyl  aldehyde,  which  latter  is  an  oxidation-product  of  alcohol. 

Aldehydes,  chemically  speaking,  are  derived  from  primary  alco- 
hols, contain  the  characteristic  group  COH,  and  upon  further  oxidation 
yield  acids.  Ethyl  aldehyde  or  acetaldehyde,  C2H4O  or  CH3COH, 
<x>inmonly  known  as  aldehyde  in  commerce,  is  a  colorless  neutral 
liquid  obtained  by  distilling  a  mixture  of  alcohol,  water,  sulphuric 
acid,  and  manganese  dioxide  or  potassium  dichromate;  the  crude 
product  is  dissolved  in  ether  and  charged  with  ammonia  gas.  The 
resulting  crystals  of  aldehyde-ammonia,  CjH^ONHj,  are  distilled 
with  diluted  sulphuric  acid  and  rectified  over  calcium  chloride.  By 
•condensation  of  three  molecules  of  aldehyde  one  of  paraldehyde  is 
formed,  3CjH,0  =  QHjA- 

The  latter  is  usually  prepared  by  passing  gaseous  hydrochloric 
acid  into  aldehyde  at  ordinary  temperature  until  the  liquid  is  no 
longer  soluble  in  an  equal  volume  of  water.  By  repeated  freezing 
and  distillation  the  crude  product  is  purified  until  it  finally  all  vola- 
tili2:e8  at  124°  C.  (355.2°  F.).  Paraldehyde  is  a  colorless  liquid  of 
fitrong,  but  not  pungent,  odor,  soluble  in  9  parts  of  water  at  ordinary 
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temperature  and  miseible  in  all  proportions  with  alcohol^  ether,  and 
fixed  and  volatile  oils.  It  is  usually  dispensed  in  the  form  of  an 
emulsion,  like  ether  or  chloroform. 

Closely  allied  to  acetaldehyde  is  formaldehyde,  HCXDH,  also 
known  as  methyl  aldehyde  and  methylene  oxide,  which  bears  th« 
same  relation  to  methyl  alcohol  as  acetaldehyde  bears  to  ethyl  aloobol. 
It  is  a  colorless,  pungent  gas,  obtained  by  oxidation  of  methyl  alcohol 
vapor  mixed  with  air.  The  oxidation  is  effected  by  bringing  the 
vapor  in  contact  with  moderately  heated  spirals  of  copper  gauze 
superficially  oxidized.  The  Pharmacopoeia  recognizes  an  aqueoas 
solution  of  formaldehyde  under  the  Latin  title  Liquor  Formaldefajdi, 
which  is  also  known  in  commerce  as  formalin  and  formol.  The  official 
solution  should  contain  not  less  than  37  per  cent,  of  formaldehjde, 
which  may  be  determined  volumetrically.  The  official  assay  method 
was  first  suggested  by  Blank  and  Finkenbeiner  in  1898  and  involves 
the  oxidation  of  formaldehyde  to  formic  acid  at  the  expense  of  the 
hydrogen  dioxide  added,  the  acid  being  neutralized  by  the  alkali 
hydroxide,  and  hydrogen  being  eliminated  according  to  the  following 
reaction  :  2HCOH  +  HA  +  2NaOH = 2HCOONa  +  2H,0  +  H^ 
Since  59.58  Gm.  of  formaldehyde  will  yield  by  oxidation  sufficient 
formic  acid  to  neutralize  79.52  6m.  of  sodium  hydroxide,  as  showo 
by  the  equation  above,  each  Cc.  of  normal  sodium  hydroxide  solution 
neutralized  by  the  newly  formed  formic  acid,  in  the  official  test,  cor- 
responds to  0.02979  Gm.  of  formaldehyde. 

If  an  aqueous  solution  of  formaldehyde  is  boiled,  a  portion  of  the 
gas  is  volatilized,  while  another  portion  polymerizes  and  beoomes 
insoluble,  separating  as  a  white  fiocculent  mass,  which  upon  drying 
has  the  composition  CjHgOj  or  (HCX3H)j,  and  is  chemically  known 
as  trioosymethylene.  Commercially  this  polymerized  formaldehyde  is 
better  known  as  parafomi,  and  occurs  both  in  the  form  of  a  white 
powder  and  in  compressed  tablets  weighing  1  gramme ;  it  is  used  for 
disinfecting  purposes  by  being  placed  in  an  iron  dish  and  heated, 
when  it  splits  up  again  into  gaseous  formaldehyde,  and^  as  such 
becomes  active,  possessing  also  strong  germicidal  properties.  To 
remove  the  disagreeable,  pungent  vapor  remaining  in  rooms  after  the 
use  of  formaldehyde,  ammonia  water  may  be  used,  which  combiner 
with  the  gas,  forming  a  harmless  compound,  which  has  been  intro- 
duced into  medicine  and  is  officiaUy  recognized  as 

Hexamethylenamine.  Ofl.^^^  or  (CH^fi^. — This  basic  com- 
pound, the  full  chemical  name  of  which  is  hexamethylene  tetramine, 
is  also  known  as  urotropinj  cydogeriy  forminf  uriionef  and  aminoform. 
It  is  a  condensation  product  obtained  by  adding  to  a  strong  solution 
of  formaldehyde  small  successive  portions  of  stronger  ammonia  wa«T, 
the  mixture  beine  kept  well  cooled,  until  an  excess  of  ammonb  k 
indicated  by  the  odor  after  the  solution  has  stood  several  honr^.  The 
solution  is  then  poured  into  shallow  dishes  and  allowed  to  crysfcallitt- 
The  crystals  may  be  further  purified  by  treatment  Mrith  animal  chai^ 
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coal  and  subsequent  recrystallization.  Hexamethylenamine  occurs 
as  colorless  odorless  crystals  having  a  sweetish  taste^  and  soluble  in 
1^  times  their  weight  of  water^  the  solution  showing  an  alkaline  re- 
action toward  litmus. 

Several  derivatives  of  hezamethylenamine  have  been  introduced 
under  special  names,  thus:  Hexamethylene-tetramine  salicylate^ 
known  as  urotrapiTie  salicylate  or  saliform  ;  hexamethylene-tetramine 
bromethylate,  known  as  bromalin,  bromaliuniy  bromoformirif  or  bro^ 
mdhylformin ;  hexamethylene-tetramine  tannin,  known  as  tannopiTi 
or  iannon  ;  hexamethylene-tetramine  iodoform,  known  as  iodoformin  ; 
a  comiK)und  of  hexamethylene-tetramine  hydrochloride  and  ferric 
chloride,  known  as  ferroatyptin.  Further  particulars  re^rding  these 
preparations  may  be  found  in  the  National  Standard  VispensaJLoryy 
pages  761  and  762. 

Spirit  of  Nitrous  Ether. — The  official  preparation  recognized 
by  this  name  is  an  alcoholic  solution  of  ethyl  nitrite,  CsHgNO,^ 
yielding  when  freshly  prepared  and  tested  by  the  method  of  assay 
given  in  the  Pharmacopoeia  not  less  than  4  per  cent,  of  ethyl  nitrite. 
Id  the  pharmacopoeial  process  of  manufacture,  which  is  especially 
intended  for  the  pharmacist  in  making  small  quantities  of  the  spirit^ 
the  first  step  is  the  preparation  of  etnly  nitrite  by  acting  on  a  solu- 
tion of  sodium  nitrite  with  sulphuric  acid  in  the  presence  of  alcohol. 
The  nitrous  acid  liberated  attacks  the  alcohol,  forming  ethyl  nitrite 
and  water.     The  two  reactions  are  indicated  by  the  following  equa- 
tions :  NaNO,  +  H,SO,  =  HNO,  +  NaHSO, ;  C,H,OH  +  HNO,  = 
CjH^NO,  +  HjO.    The  newly-formed  ethyl  nitrite  rises  as  an  oily 
layer  to  the  surface  and,  after  all  reaction  has  ceased,  is  transferred 
to  a  glass  separator  where  it  is  washed  first  with  plain   ice-cold 
water  and  then  with  an  ice-cold  solution  of  monohyarated  sodium 
carbonate.     After  careful  separation,  the  ethyl  nitrite  is  freed  from 
water  by  agitation  with  anhydrous  potassium  carbonate  and  finally 
mixed  with  21  times  its  weight  of  alcohol.     In  order  that  a  large 
yield  of  ethyl  nitrite  may  be  insured,  it  is  essential  that  the  tube  of 
the  separator  be  allowed  to  reach  nearly  to  the  bottom  of  the  flask 
containing  the  alcohol  and  sulphuric  acid  mixture,  and  that  the 
solution  of  sodium  nitrite  be  allowed  to  flow  into  the  flask  very 
slowly   in  drops,  the  flask  being  kept  thoroughly  cold  during  the 
reaction.     From  the  above  equation  it  will  be  seen  that  68.57  Gm. 
o£  absolute  sodium  nitrite  are  capable  of  yielding  74.51  6m.  of 
ethyl  nitrite,  and  if  the  official  salt  (containing  at  least  90  per  cent. 
of  NaNO^  be  used,  the  100  Gm.  ordered  in  the  official  formula 
should    be  able  to  produce  at  least  97.79  Gm.  of  ethyl  nitrite,  which 
would   yield  2151.38  Gm.  of  the  official  spirit.     In  practice  there 
is  always  some  loss,  the  full  theoretical  yield  being  never  obtainable^ 
and    hence  the  necessity  of  ascertaining  the  exact  weight  of  the 
purified  ethyl  nitrite  in  order  to  determine  the  final  weight  of  alcohol 
to  be  added.     The  process  is  easy  of  execution  and  with  a  little  care 
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very  satisfactorj'  results  are  obtained.  The  amount  of  pure  etlivl 
nitrite  recovered  may  vary  from  70  to  80  Gm.  from  100  Gm.  of 
sodium  nitrite,  and,  using  sucli  apparatus  as  are  generally  foand 
in  laboratories,  with  ordinary'  precaution  the  author  has  obtaJMi 
78  Gm. 

For  some  time  maDufacturing  chemists  have  been  offering  fthyl 
nitrite  in  small  sealed  tubes  to  be  diluted  with  the  necessary  qusntitr 
of  alcohol,  BO  as  to  make  spirit  of  nitrous  ether  in  sroall  quaiititjc& 

Fio.  299.  Fig.  SOa 


Lunge's  nitrometer. 

This  plan  is  very  convenient,  and  decidedly  preferable  to  the  ^w^ 
chase  of  the  spirit  in  bulk,  but  it  must  not  be  overlooked  that  ethjl 
nitrite  itself,  unless  absolutely  free  from  water  and  kept  under  feu-r- 
able  conditions  ia  apt  to  undergo  decomposition.  Pure  ethyl  nilritc 
is  a  thin,  pale  yellow  liquid,  having  a  pungent,  ether«al,  apple-iiiit 
odor.  Since  it  boils  at  16"  C,  (00.8"  F.),  it  should  be  kept  in  » 
coolpiace,  and  the  containers  opened  with  care. 

Tlie  Pharmacopceia  directs  the  assay  of  spirit  of  nitrons  ether  t' 
be  made  by  gasometric  estimation,  the  nitric  oxide  obtainable  (Wm 
a  weiglied  jwrtion  of  the  spirit  being  evolved  and  measured  ovtfi 
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saturated  solution  of  table  salt  in  a  graduated  tube  or  nitrometer  (see 
Figs.  299  and  300).  The  official  method  of  assay  is  based  on  the 
suggestions  of  the  late  A.  H.  Allen,  of  England  (1885),  and  is  much 
simpler  than  some  other  methods  proposed.  The  nitrometer  is  com- 
pletely filled  with  the  salt  solution,  including  the  bore  of  the  glass 
stop-cock,  and  care  must  be  observed  that  no  air  enter  while  the 
different  liquids  are  allowed  to  flow  from  the  cup  into  the  nitrometer ; 
this  is  best  avoided  by  washing  the  cup  with  a  few  Cc.  of  alcohol  or 
salt  solution  after  the  other  liquids  have  been  run  into  the  tube,  and 
allowing  0.2  or  0.3  Cc.  of  fluid  to  remain  in  the  cup. 

The  reaction  which  takes  place  in  the  official  assay  may  be  shown 
by  the  following  equation :  CgH^NOj  +  KI  +  H^^^  =  C^H.OH  + 
KHSO,+  I  +  NO,  fi-om  which  it  appears  that  29.81  Gm.  of  NO 
gas  correspond  to  74.51  Gm.  of  ethyl  nitrite.     At  0°  C.  (32°  F.) 
and  760  Mm.  pressure,  1   Cc.  of  NO  gas  weighs  0.0013355  Gm., 
since  1    liter  of   NO  gas  weighs  14.905  times  as  much  as  a  liter 
of  hydrogen,   or   0.0896  X  14.905  =  1.336488    Gm.,   but   under 
the  conditions  mentioned   in   the  assay  method,  25°  C.   (77°  F.) 
and  760  Mm.  pressure,  it  weighs  0.0012235  Gm.,  and  hence  the 
amount  of  ethyl  nitrite  corresponding  to  1  Cc.  of  NO  gas  at  the 
temperature    and   pressure    last   mentioned   will   be  found   to   he 
0.0030582  Gm.,  ^s  shown  by  the  following  proportion :   29.81  : 
74.51  : :  0.0012235  :x{x  =  0.0030582).    Hence  if  we  let  W  repre- 
sent the  original  weight  of  spirit  of  nitrous  ether  involved  in  the 
assay  (which  must  be  -^j^  of  tne  weight  of  the  spirit  before  dilution 
to  100  Cc),  and  N  the  number  of  Cc.  of  NO  gas  obtained  in  the 
assay,  then  {N  X  0.0030582)  -^-  W  represents  the  weight  of  absolute 
«thvl  nitrite  contained  in  1  Gm.  of  the  sample.     The  amount  in  100 
Gm\  of  the  spirit  or  the  percentage  will  be  (iV^  X  0.0030682  X 
100)  -^  Wov  {N  X  0.30582)  -r-  W,  which  is  the  rule  given  in  the 
Pharmacopoeia,  where,  however,  the  factor  0.307  is  given  in  place 
of  0.306. 

If  the  volume  of  NO  gas  had  a  temperature  above  or  below  that 
given  in  the  Pharmacopoeia,  25°  C.  (77°  F.),  a  correction  is  necessary 
in  the  results  obtained  by  the  above  calculation,  the  latter  applying 
only  to  the  official  temperature.     Above  25°  C.  the  volume  of  NO 
gas  as  read  is  larger  than  it  would  be  at  26°  C,  and  therefore  the 
per  cent,  of  ethyl  nitrite  appears  greater  than  is  actually  tnie,  and  a 
fraction  must  be  subtractea  corresponding  to  the  excess  of  volume 
of  the  NO  gas  over  the  volume  it  would  have  at  26°  C.    By  similar 
reasoning  it  follows  that  when  the  temperature  is  below  26°  C.  a 
oorrection  must  be  added  corresponding  to  the  deficiency  of  volume 
of  the  NO  gas  as  compared  with  the  volume  it  would  have  at  25°  C. 
From  Gay-Lussac's  law  of  the  relation  of  gas  volumes  to  their  abso- 
lute temperatures,  the  diffisrence  between  the  volume  of  the  NO  gas 
^is  actually  read  and  what  it  would  be  at  25°  C.  may  be  calculated. 
Let  t  =  the  temperature  at  which  the  NO  gas  was  actually  read. 
Then  by  the  law  of  expansion  1  Cc.  of  NO  gas  at  t  :  x  Cc.  at  25°  C. 
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273  +  26 
: :  273  +  «  :  273  +  25  or  x  =  2^3   ,    ^  ;  that  is,  1  Cc.  of  NO  g» 

273+25 
at  t^  C.  would  become  070   1    /  Cc.  at  25°  C.     The  oorrectioD  in 

volame  for  each  Cc.  of  NO  gas  as  read  at  t^  C.  thus  beooous 

/.       273  +  25\^        /  <  — 25A. 

\    —  272  4-   t  /       =lo73   I   /)  Cc.  when  it  is  greater  than  25®  C, 

(273  4-25        \  /  25 A 

^;— — ^  — l|Cc.=/-— -^jCc.  when  it  is  less  than  25'  C 

When  the  temperature  is  only  a  few  degrees  above  or  below  25°  C. 
the  denominator  of  these  fractions  is  approximately  300,  so  that  tbej 
become  7^,  -^^^  y^,  etc.,  acoordmg  as  the  difference  betweeo 
temperature  t  of  measurement  of  the  NO  gas  and  25°  C.  is  1,  2,  3, 
etc.,  degrees.  As  each  Cc.  of  NO  gas  measured  in  the  assay  is  too 
great  or  too  small  by  ^^  part  for  each  degree  of  temperature  above 
or  below  the  official  temperature,  fixed  at  25^  C,  it  follows  that  the 
per  cent,  as  first  calculated  must  be  corrected  by  ^^  {L  e.,  }  of  1  per 
cent.),  as  given  in  the  Pharmacopoeia.  This  correction  deviates  more 
and  more  from  the  truth  as  the  temperature  difference  becomes  greater. 
If  the  pressure  under  which  the  NO  gas  is  measured  is  not  760 
Mm.  of  mercury,  which  is  the  one  assumed  in  the  assay .  formula  for 
calculation,  the  volume  is  either  too  large  or  too  small,  andtherdbr^ 
the  per  cent,  of  ethyl  nitrite  found  also.  If  we  let  p  =  pressure  in 
Mm.  of  mercury  under  which  the  NO  gas  is  measured,  then,  ac- 
cording to  Boyle's  law — ^namely,  that  the  product  of  the  volume  and 
pressure  of  a  gas  is  always  constant,  1  Cc.  NO  gas  Xp  =  ar  Cc  NO  X 
760,  or  a;  =  (1  Cc.  X  p)  -?-  760— that  is,  1  Cc.  NO  measured  at  aoy 

other  pressure,  p,  would  be  -2-  Cc.   at  normal   barometic  pressuit^ 

760 

760  Mm.     The  correction  in  volume  for  each  Cc.  NO  gas  measured 
at  pressure  p  isjl  — t^^JC'c.  or  — _Zl£.Cc.,  when  p  is  leas  than 

«  —7  fin 

760,  or  "  Cc.  when  p  is  greater  than  760.    When  p  is  greater 

than  760  the  gas  is  under  too  great  a  pressure — that  is,  the  volume  i» 
less  than  it  should  be,  hence  a  correction  should  be  added  to  the 
calculated  per  cent  as  first  found  in  the  official  method  of  calcolation. 
When  p  is  less  than  760  the  correction  must  be  subtracted.  Aooord- 
ing  as  the  pressure  is  1,  2,  3,  etc..  Mm.  of  mercury  above  or  bdow 
the  normal,  760  Mm.,  the  correction  for  each  Cc.  of  NO  gas  will 
amount  to  1,  2,  3,  etc.,  times  jj-^^,  and  the  correction  of  the  per  cent, 
must  be  the  same  number  or  times  y^  of  that  first  found.  7^  '^ 
sufficiently  close  to  y^  or  5^  of  j^y  which  means  ^  of  1  per  cenu 
as  given  in  the  Pharmacopoeia.  This  correction,  as  in  the  case  «»! 
temperature,  is  only  a  close  approximation,  and  mustnotbeoonstmai 
as  absolute. 
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In  pkioe  of  the  gasometric  method,  volumetric  determination  of 
the  percentage  of  ethyl  nitrite  may  be  employed,  which  is  readily 
•carried  oat  and  is  claimed  by  some  to  be  more  accurate  than  the 
gasometric  estimation.  It  depends  on  the  interaction  of  ethyl  nitrite 
with  potassium  chlorate  and  subsequent  titration  of  the  resulting 
potassium  chloride  with  silver  nitmte,  the  process  being  carried  out 
as  follows :  Into  a  100-Cc.  flask  or  bottle  of  flint  glass,  pour  10  Cc. 
of  distilled  water,  5  Cc.  of  cold  aqueous  saturated  solution  of  potassium 
<;hlorate,  5  Cc.  of  spirit  of  nitrous  ether,  and  5  Cc.  of  10  per  cent, 
nitric  acid.  Cork  quickly  and  shake  the  flask  or  bottle  frequently 
during  30  minutes.  Then  add  10  Cc.  of  jg^  AgNO,  solution,  shake, 
add  10  Cc.  of  ferric  ammonium  sulphate  test-solution  as  indicator, 
and  titrate  the  excess  of  silver  nitrate  solution  with  j^  KSCN  solu- 
tion. When  a  permanent  reddish  color  is  imparted  to  the  liquid^ 
deduct  the  number  of  Cc.  of  the  potassium  sulphocyanate  solution 
required  from  10  (the  number  of  Cc.  of  silver  nitrate  solution  added), 
multiply  the  remainder  by  2.2353  (or  0.022353  X  100)  and  divide 
the  product  by  the  weight  of  5  Cc.  of  the  spirit  of  nitrous  ether 
previously  ascertained  ;  the  quotient  will  represent  the  percentage  of 
ethyl  nitrite  in  the  sample.  The  reactions  involved  in  the  preceding 
method  are :  3C2H,n6,  +  KClOs  =  SC^H^NO,  +  KCl ;  KCl  + 
AgNOj  =  AeCl  +  KNOj ;  which  show  that  3  molecules  or  223.53 
parts  of  ethyl  nitrite  are  capable  of  producing  1  molecule  or  74.04 
parts  of  potassium  chloride,  and  that  this  in  turn  requires  1  molecule 
or  168.69  parts  of  silver  nitrate  for  complete  precipitation.  Hence 
each  Cc.  of  y5j  AgNO,  solution,  containing  0.016869  Gm.  of  silver 
nitrate  corresponds  to  0.022353  Gm.  of  ethyl  nitrite. 

It  has  been  shown  by  previous  investigators  that  aldehyde  has  no 
effect  on  the  results  obtained  by  this  method,  unless  it  be  present  in 
large  quantity,  in  which  case  it  will  lower  the  results. 

Whenever  an  assay  of  spirit  of  nitrous  ether  is  to  be  made,  the 
latter  should  be  carefully  neutralized  by  agitation  with  potassium 
bicarbonate  before  weighing,  as  free  nitrous  acid  may  be  present, 
which  would  cause  the  results  of  the  determination  to  be  recorded 
too  high. 

Commercial  spirit  of  nitrous  ether  is  often  of  verv  inferior  quality, 
since  it  is  frequently  kept  in  large  carboys  insecurely  stoppered,  and 
consequently  becomes  oxidized  by  the  air  and  moisture.      It  should 
always  be  purchased  in  original  packages  of  small  size  and  preserved 
in  a  cool,  dfark  place.     The  acid  reaction  observed  in  some  samples 
of"  spirit  of  nitrous  ether  may  be  due  to  acetic  acid  produced  by 
oxidation  of  any  aldehyde  present,  or  it  may  be  due  to  decomposition 
of  the  ethyl  nitrite,  resulting  in  the  formation  of  alcohol  and  libera- 
tion of  nitrous  acid.     Such  acidity  should  invariably  be  neutralized 
hv  means  of  alkali  carlx)nate  before  dispensing  the  spirit  in  conjunc- 
tion with  alkali  iodides,  bromides,  etc. 

Even  under  the  most  favorable  conditions  spirit  of  nitrous  ether 
gradually  deteriorates,  and,  if  found  to  contain  less  than  3  per  cent. 
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of  ethyl  nitrite,  should  be  condemned.  Freshly  prepared  spirit  of 
nitrous  ether  if  carefully  preserved  in  a  cool,  dark  place,  will  keep 
unchanged  for  three  or  four  months.  Exposure  to  diffused  daylight 
and  air  accelerates  decomposition ;  hence,  when  purchased  in  balk, 
drawn  from  half-filled  or  carelessly  stoppered  containers,  the  spirit 
is  often  worthless.  The  author  has  repeatedly  had  occasion  to 
examine  spirit  of  nitrous  ether  offered  for  sale  in  bulk  by  jobbers  in 
different  parts  of  the  country,  and  regrets  to  say  that  in  only  a  few 
cases  has  the  strength  found  ever  approached  that  required  by  tlie 
Pharmacopoeia ;  in  some  cases  less  than  1  per  cent,  of  ethyl  nitrite 
was  present. 

Amyl  Nitrite. — Under  this  name  the  Pharmacopceia  lecognizes 
a  liquid  containing  about  80  per  cent  of  true  amyl  nitrite,  CjHi,XOj, 
together  with  variable  quantities  of  undetermined  oompoundii. 
Although  not  a  derivative  of  official  alcohol,  this  preparation  may  W 
conveniently  considered  at  this  point,  owing  to  its  similarity' 
chemically,  to  spirit  of  nitrous  ether.  Amyl  nitrite  is  an  ester,  or 
ethereal  salt,  bearing  the  same  relation  to  amyl  alcohol  as  ethyl 
nitrite  bears  to  official  or  ethyl  alcohol.  It  can  be  prepared  by 
direct  action  of  nitric  acid  on  purified  amyl  alcohol,  but  is  now 
probably  altogether  obtained  by  distilling  a  solution  of  sodium  nitrite 
with  amyl  alcohol  and  sulphuric  acid,  that  portion  of  the  distillate 
coming  over  between  95°  and  100°  C.  (203°  and  212°  F.)  beinc 
collected,  washed  with  ice-cold  sodium  carbonate  solution,  dehvdrated 
with  anhydrous  potassium  carbonate,  and  redistilled  below  100  ^ 
(212°  F.)  According  to  the  equation  2C5H„OH  +  2>^aX0j' 
HjSO,  =  2C,H„NO,  +  NajSO,  +  2HA  116.24  parts  of  anivl 
nitrite  should  be  obtained  from  87.43  parts  of  amyl  alcohol,  but  ifl 
practice  such  is  not  the  case. 

As  amyl  nitrite  rapidly  deteriorates  by  exposure  to  air  and  lid 
it  must  be  kept  in  securely  closed,  small  vials,  or  in  sealed  bulb,  i^ 
a  dark  place.  The  commercial  article  is  very  variable  in  qualit)- 
samples  having  been  found  to  contain  as  little  as  28  per  cent,  of  trtie 
amyl  nitrite  and  others  containing  as  much  as  93  per  cent.  The  it*) 
of  amyl  nitrite  is  directed  by  the  Pharmacopceia  to  be  made  ga^^ 
metrically,  as  in  the  case  of  spirit  of  nitrous  ether,  3  Co.  of  the  amyl 
nitrite,  which  has  previously  been  made  perfectly  neutral  by  iu:i|^' 
tion  with  potassium  bicarbonate  and  then  decanted,  being  can'ti:i ) 
weighed  and  then  diluted  with  sufficient  alcohol  to  produce  100  ^^' 
of  liquid ;  of  this  solution  10  Cc.  are  used  for  the  assay,  representin: 
exactly  -^  of  the  original  quantity  of  amyl  nitrite.  The  volume  «'^ 
gas  collected  is  multiplied  by  4.8  (or  0.047851  X  100)  and  the  pr^lo  • 
divided  by  the  weight  of  amyl  nitrite  used  in  the  test  {^  <>f  ^^' 
weight  of  the  8  Cc.)  to  find  the  percentage. 

As  in  the  case  of  spirit  of  nitrous  ether,  amyl  nitrite  may  aL*^^ 
assayed  volumetrically  by  the  method  described  on  page  661.  o  G^- 
of  amyl  nitrite  are  dissolved  in  sufficient  alcohol  to  make  100  O*-  ^' 
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of  this  solution  10  Cc.  are  used  for  the  test.  The  number  of  Co.  of 
Y^  AgNO  solution  required  for  precipitation  is  multiplied  by  3.4872 
(or  0.034872  X  100)  and  the  product  divided  by  0.5  (the  weight  in 
grammes  of  amyl  nitrite  used)  to  find  the  percentage  of  true  amyl 
nitrite  in  the  sample.  From  the  equations  3C5H11NO2  +  KCIO,  = 
3C,HlN03  +  KCl,  and  KCl  +  AgNOj  =  AgCl  +  KNO3  it  is  seen 
that  3  molecules  or  348.72  parts  of  amyl  nitrite  will  require  1 
molecule  or  168.69  parts  of  silver  nitrate  for  precipation  of  the 
potassium  chloride  formed^  and  hence  1  Cc.  of  y^  Ae^O,  solution^ 
containing  0.016869  Gm.  of  silver  nitrate,  corresponds  to  0.034872 
Gm.  of  amyl  nitrite. 

Amyl  Alcohol,  although  not  recognized  in  the  Pharmacopoeia, 
is  of  interest  as  the  source  of  amyl  nitrite  and  valeric  acid  and  as  a 
valuable  solvent  used  in  chemical  research.  As  stated  on  page  642, 
amyl  alcohol  and  other  homologous  products  are  formed  dunng  the 
fermentation  of  grain  or  potato  starch ;  larger  quantities  may  be 
obtained  by  continuing  the  distillation  after  ethyl  alcohol  ceases  to 
come  over.  Amyl  alcohol  is  purified  by  fractional  distillation  and 
repeated  washing  with  a  concentrated  solution  of  table  salt.  It  is  a 
colorless,  thin,  oily  liquid  of  about  the  same  specific  gravity  as  alcohol,. 
but  boiling,  when  pure,  at  132°  C.  f269.6°  F.).  Chemically,  it  is 
amyl  hydroxide,  CgHuOH,  and  yielas  compounds  homologous  with 
those  of  ethyl  alcohol,  namely,  amyl  ether,  (CgHn),©,  amyl  aldehyde^ 
CjHiqO,  and  valeric  acid,  CjHiqOj.  Amyl  alcohol,  obtained  in  the 
fermentation  of  grain  or  potato  starch,  is  designated  by  chemists  as 
primary  iso-amyl  alcohol,  and  is  the  chief  constituent  of  commercial 
fusel  oil.  It  is  only  slightly  soluble  in  water,  but  is  miscible  with 
alcohol  and  ether  in  all  proportions. 
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FATS  AND  FIXED  OILS. 

The  physical  pmperties  of  these  compounds  have  been  oonsd- 
ered  on  pages  202-203.  Chemically,  they  belong  to  the  class  of 
esters,  or  ethereal  salts,  being  chiefly  glycerides  of  fatty  adds,  and 
readily  resolved  into  the  respective  acids  and  alcohols  by  means  of 
alkali  hydroxides.  The  constitution  of  fats  and  fixed  oils  was  first 
studied  and  announced  by  Chevreul  in  1811.  With  a  few  excep- 
tions, the  basylous  radical  is  the  same  for  all  &ts  and  fixed  oik, 
whether  obtained  from  the  vegetable  or  animal  kingdom,  nanoely, 
glyceryl  or  propenyl,  C3H5,  a  trivalent  group  derived  from  the 
hydrocarbon  propane,  C^Hg,  the  alcohol  or  hydroxide  of  which  is 
glycerin  or  propenyl  alcohol,  C5H3(OH)3;  other  bases  obtainable 
from  fats  are  myricyl  alcohol,  C^qH^iOH,  cetyl  alcohol,  C,«HaOH, 
<;eryl  alcohol,  CjgHgjOH,  cholesterin  (from  animal  fats),C|6H|,0H, 
phytosterin  (from  vegetable  fats),  CjjH^jOH,  and  others.  The  aci\l 
raaicals  found  in  fats  are  many,  the  chief  ones  being  arachidic  acid, 
HCaoHjjjOj,  butyric  acid,  HC4H7O,,  capric  acid,  HCjoHjgOj,  capronic 
acid,  HCgHnO,,  caprylic  acid,  HCgHijO,,  cerotic  acid,  HC^H^Oj, 
erucic  acid,  HCaH^iOj,  lauric  acid,  HCi^HoOj,  linolenic  add, 
HCigHjjO,,  linolic  acid,  HCigH^jOj,  melissic  acid,  HCj,|>HajO^  myris- 
tic  acid,  HC14HJ7O2,  oleic  acid,  HCigHjjOj,  palmitic  acid,  HC,^jiO„ 
stearic  acid,  HCjgHjjOj,  tiglic  acid,  HCsH^Oj,  etc.,  varying  from  one 
to  three  or  four  in  number  for  a  single  fat  or  fixed  oil. 

The  ordinary  fats  and  oils  used  in  pharmacy  consist,  for  the  mo^ 
part,  of  two  or  three  compound  ethers,  to  which  the  names  olein, 

f»almitin,  and  stearin  have  been  given  ;  of  these,  olein,  being  always 
iquid,  naturally  forms  the  chief  constituent  of  fixed  oils,  while  pal- 
mitin  and  stearin,  being  solid  at  ordinary  temperatures,  by  their 
presence  determine  the  firmer  consistence  of  solid  fats.  All  three  are 
fatty  acid  esters  of  glyceryl,  known  respectively  to  chemists  as  glyc- 
eryl trioleate,  C3H5(C|8H330j)3,  glycerj'l  tripalmitate,  CjHsj^CuHjiOiir 
and  glyceryl  tristearate,  C5H5(CigH350j)3.  The  oleic  acids  d^yed 
from  different  oils,  not  having  a  uniform  composition  and  properties, 
specific  names  are  employed  to  distinguish  the  respective  glycerides : 
thus,  olein,  linolein,  and  physetolein ;  the  first-named  occure  both 
in  animal  and  vegetable  fats,  the  second  only  in  v^table  fits 
while  the  third  is  confined  to  animal  fats,  chiefly  fish-oil,  seal  oil,  etc^ 
When  absolutely  pure,  fats  and  fixed  oils  are  without  acti(»n  <»d 
litmus,  but  in  the  presence  of  air,  light,  and  moisture  decompftsitioD 
and  oxidation  gradually  ensue,  an  unpleasant  odor,  due  to  the  fbr- 
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matioD  of  volatile  products,  and  an  acid  reaction  being  observed. 
Fats  are  not  affected  by  a  temperature  of  100°  C.  (212°  F.)  but  at 
250°  C.  (482°  F.)  they  are  decomposed^  various  volatile  products 
being  formed,  among  which  is  an  irritating,  odorous  substance^ 
called  acrolein,  which,  chemically,  is  allyl  aldehyde,  C3H4O  or 
CHjCHCOH,  and  is  derived  from  the  decomposition  of  the  glycerin 
present  in  fats. 

Non-drying  oils,  .consisting  chiefly  of  theglyceride  of  oleic  acid, 
with  varying  proportions  of  palmitin,  upon  exposure  to  air,  appear 
to  absorb  water  and  split  up  mto  free  oleic  Tand  palmitic)  acid  and 
glycerin,  the  latter  being  oxidized  gradually  mto  carbon  dioxide  and 
water,  and  thus  disappearing.  The  oleic  acid  absorbs  oxygen  and  is 
gradually  converted  into  oxystearic  acid,  and  finally  into  volatile 
odorous  acids,  such  as  capronic,  valeric,  etc.  This  process  of  decom- 
position is  termed  rancidification,  and  explains  the  condition  termed 
rancidity  noticed  in  old  and  carelessly  preserved  fats  and  fixed  oils. 
By  some  it  is  thought  that  the  change  is  superinduced  by  the  presence 
of  mucilaginous  or  albuminous  matter  in  tne  fat,  acting  as  a  ferment 
under  the  influence  of  light,  air,  and  moisture.  Rancid  fats,  there- 
fore, always  contain  free  acid  and  yield  less  glycerin  than  sweet  fats 
when  saponified. 

In  the  chemical  examination  of  fats  and  fixed  oils  for  adultera- 
tions, and  as  tests  of  identity,  two  reactions,  largely  used  by  analysts, 
have  been  adopted  by  the  Pharmacopoeia,  namely,  that  with  potas- 
sium hydroxide  and  that  with  iodine.     Both  tests  are  applied  to 
every  official  fixed  oil  and  definite  requirements  made  in  connection 
with  the  same.     The  test  with  potassium  hydroxide  is  better  known 
as   the  determination  of  the   saponification  value  or  Koettstorfer 
number,  being  the  number  of  milligrammes  of  potassium  hydroxide 
required  for  complete  saponification  of  1  6m.  of  a  fat  or  oil,  and  is 
carried  out  as  follows  :  Weigh  out  accurately  in  a  flask,  holding  150 
to  200  Cc,  1.5-2  Gm.  of  me  purified  and  filtered  fat.     Next  run 
into  the  flask  from  a  burette,  25  Cc.  of  alcoholic  potassium  hydroxide 
test-solution.     While  exactly  25  Cc.  is  not  indispensable,  in  com- 
parative tests  precisely  the  same  amount  must  be  used,  allowing  the 
burette  to  drain  in  exactly  the  same  way  in  each  test.     Then  place 
a  small  funnel  in  the  flask  and  heat  it  on  a  water-bath  containing 
boiling  water  for  J  hour,  so  that  the  alcohol  is  simmering,  fre- 
quently imparting  a  rotatory  motion  to  the  contents  of  the  flask. 
Then  add  1  Cc.  of  phenolphthalein  test-solution  and  titrate  back  the 
excess  of  potassium  hydroxide  with  half-normal  hydrochloric  acid. 
If  a  blank  test  is  made  at  the  same  time  with  the  alcoholic  potassium 
hydroxide  test-solution  alone,  the  difference  in  the  number  of  Cc.  of 
half^normal  hydrochloric  acid  consumed  by  the  blank  test  and  the 
real    test,  multiplied  by  27.87  (being  the  number  of  milligrammes 
of  KOH  contained  in  each  Cc.  of  the  alcoholic  potassium  hydroxide 
test-solution,  which  is  a  half-normal  solution)  and  divided  by  the 
^veight  in  grammes  of  the  fat  or  oil,  will  give  the  saponification 
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value  of  the  sample  tested.  In  some  cases  prolonged  boiling  is 
necessary  to  effect  perfect  saponification,  occasionally  2  or  3  hoon 
being  required,  and  a  reflux  condenser  or  long  glass  tube  passing 
through  a  cork  will  be  found  preferable  to  a  glass  funnel  for  pre- 
venting the  loss  of  alcohol. 

The  test  with  iodine  consists  in  determining  the  iodine  value 
or  number,  which  is  a  figure  indicating  the  number  of  grammes 
of  iodine  absorbed  by  100  6m.  of  a  fat  or  oil  under  certain  (xm- 
ditions.  The  figure  is  also  known  as  Huebl's  iodine  number, 
and  is  based  upon  the  saturation  with  iodine  of  unsaturated  fatty 
acids  and  their  glvoerides  in  the  presence  of  an  alcoholic  solution 
of  mercuric  chloride,  whereby  colorless  addition  compounds  are  pro- 
duced. The  following  are  the  official  directions  for  applying  the  test : 
To  a  solution  of  0.3  Gm.  (0.15-0.2  Gm.  for  linseed  oil  and  0.8  Gm.  for 
oil  of  theobromaand  similar  fiits),  of  the  fat  or  oil  in  10  Cc.  of  chloro- 
form contained  in  a  glass-stoppered  bottle  of  250  Cc.  capacity,  add  '25 
Cc.  of  a  mixture  of  equal  volumes  of  alcoholic  iodine  test-solution 
(25  Gm.  of  iodine  in  500  Cc.  of  alcohol),  and  alcoholic  mercuric 
chloride  test-solution  (30  Gm.  of  mercuric  chloride  in  500  Cc,  of 
alcQhol),  both  of  which  have  been  measured  from  a  burette.  Afler 
having  been  securely  stoppered,  the  bottle  is  set  aside  in  a  cool  place» 
protected  from  the  light  for  a  period  of  4  hours  Q6  hours  are  re- 
quired for  accuracy  in  the  case  of  linseed  oil).  Alter  this  time,  the 
mixture  must  still  possess  a  brown  color ;  if  it  does  not,  a  further 
measured  portion  of  the  mixture  of  the  two  reagents  should  be  added, 
and  the  mixture  again  set  aside.  Finally,  20  Cc.  of  potassium  iodide 
solution  are  added,  followed  by  50  Cc.  of  water,  and  ^  sodium  thio- 
sulphate  solution  is  then  added  in  small  successive  portions,  shaking 
thoroughly  after  each  addition  until  the  color  of  the  mixture  is  dis- 
charged. The  number  of  Cc.  of  the  sodium  thiosulphate  solution  is 
noted.  At  the  same  time  that  this  test  is  carried  out,  a  blank  experi- 
ment is  made,  in  which  exactly  the  same  quantities  of  chloroform^ 
iodine  test-solution,  and  mercuric  chloride  solution  are  mixed,  and 
after  standing  for  4  or  more  hours,  the  free  iodine  is  estimated  by 
titration  with  A  sodium  thiosulphate  solution  as  directed  above. 
The  number  of  Cc.  of  the  thiosulphate  solution  consumed  is  noted, 
and  from  this  is  deducted  the  number  of  Cc.  of  the  thiosulphate 
which  was  consumed  in  the  test ;  the  diflTerence  multiplied  by  12.59 
(being  the  number  of  Gm.  of  iodine  corresponding  to  1000  Gc»  of 
^  sodium  thiosulphate  solution),  and  this  product  divided  by  ten 
times  the  weight  of  fat  or  oil  taken,  expresses  the  iodine  number  of 
the  fat  or  oil.  Instead  of  multiplying  the  difference  as  ordered  in 
the  official  directions,  it  may  be  multiplied  by  0.01259  (the  weipb* 
in  Gm.  of  iodine  corresponding  to  1  Cc.  of  the  thiosulphate  solution), 
and  thus  the  total  weight  of  iodine  absorbed  by  the  fat  ascertained, 
which  weight  must  then  be  multiplied  by  100,  and  the  prodwt 
divided  by  the  exact  weight  of  fat  or  oil  taken  for  the  test,  for  the 
weight  of  fat  or  oil  taken  is  to  the  weight  of  iodine  absorbed  as  IW 
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Gm.  of  fat  or  oil  would  be  to  re,  representing  the  weight  of  iodine 
which  would  be  absorbed  by  the  100  Gm. 

The  action  of  acids  on  fats  and  fixed  oils  varies  considerably  ; 

thus,   strong  hjrdrochloric  acid  has  no  effect  upon  them,  as  also 

cold  diluted   nitric  acid  and  cold  or  hot  diluted  sulphuric  acid. 

Nitrous  acid,  as  well  as  warm  nitric  acid,  converts  olein  into  elaidin^ 

a  compound  isomeric  with  it,   but  of  firm   consistence.      Strong^ 

sulphuric  acid  decomposes  fats  slowly  in  the  cold  and  rapidly  with 

the  aid  of  heat,  forming  sulpho-compounds  of  the  fatty  acids,  a& 

well  as  of  the  glycerin.     If  concentrated  sulphuric  acid  be  added 

to  almond  or  olive  oil  and  the  mixture  kept  at  a   temperature 

below  50®  C.  (122*^  F.),  sulpho-oleic  and  glycerylsulphuric  acids 

will  be  formed,  USOfi^^U^O^  and  C:JI,(HSO,\ ;  if  castor  oil  be 

used,  sulpho-ricinoleic  acid  will  be  produced.    The  glycerylsulphuric 

acid  upon  addition  of  water  is  again  converted  into  glycerin  and 

sulphuric  acid,  and  can  thus  be  removed ;  the  sulpho-oleic  acid^ 

having  been  purified  by  washing  with  salt  solution,  can  be  combined 

with    alkali    hydroxides,    yielding  water-miscible    sulpho-oleates^ 

which  on  account  of  their  absorbability  have  been  recommended  as 

vehicles  for  ointments,  under  the  names  oleite,  polysolve,  etc.  (see 

page  414. 
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Almond  Oil  (Expressed). — This  oil  consists  of  about  85  per 
cent,  of  olein,  mixed  with  palmitin,  but  is  said  to  be  free  from 
stearin,  which  accounts  for  the  fact  that  the  oil  can  be  cooled  to 
—  20°  C.  ( —  4°  F.)  before  congealing.  Although  olive  oil,  cottonseed 
oily  lard  oil,  and  sesame  oil  may  be  present  in  commercial  almond 
oil,  these  can  be  detected  by  cooling  to  — 10*^  C.  (14*^  F.^,  but  the 

Eresence  of  apricot  or  peach-kernel  oil  is  not  shown  by  this  test,  as 
oth  remain  fluid  even  at  —  20*"  C.  (—4°  F.).  The  latter  may  be 
detected  by  mixing  almond  oil  with  an  equal  volume  of  nitric  acid 
and  water,  when  a  white  mass  free  from  red  color  should  be  obtained  ; 
a  brown  color  would  indicate  the  presence  of  cottonseed  and  sesame 
oils. 

The  saponification  value  of  expressed  oil  of  almond,  according  to 
the  Pharmacopoeia,  should  be  191-200,  and  the  iodine  number  not 
less  than  95  and  not  more  than  100. 

Oastor  Oil. — The  chief  constituent  of  this  well-known  oil  is  tri- 
ricinolein,  €3113(0,8113503)3,  together  with  ricinisolein,  palmitin,  and 
dioxystearin.  Ricinolein  diners  from  olein  in  being  the  glyceride 
of*  an  acid  containing  in  each  molecule  one  atom  more  01  oxygen 
than  oleic  acid.  As  already  stated  on  page  208,  castor  oil  diners 
from  other  fatty  oils  in  its  marked  solubility  in  absolute  and  official 
alcohol;  it  is  also  immiscible  with  more  than  its  own  volume  of 
petroleum  benzin  or  1 J  times  its  volume  of  mineral  oils.     The  specifia 
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j^vity  of  castor  oil,  0.945-0.965  at  25''  C.  (77®  F.),  is  higher,  and  its 
viscosity  much  greater,  than  that  of  any  other  fatty  oil.  It  is  nrelj 
adulterated,  although  inferior  grades  of  castor  oil-  are  to  be  fooiui  on 
the  market ;  foreign  oils  may  be  detected  by  the  appearance  of  a 
blackish-brown  color  if  3  Cc.  of  the  oil  be  shaken  with  3  Cc.  of  car- 
bon disulphide  and  1  Cc.  of  sulphuric  acid,  also  by  the  lesser  solu- 
bility of  the  oil  in  alcohol.  Although  castor  oil  is  usually  cUssed 
among  the  drying  oils,  it  only  becomes  thicker  when  exposed  to  the 
4iir,  but  never  dries  completely,  even  when  exposed  in  thin  lajei^. 
It  becomes  turbid  when  cooled  to  0°  C.  (32®  F.),  and  even  deposits 
^crystalline  flakes,  but  does  not  congeal  until  a  temperature  of —18°  C. 
<— 0.4®  F.)  is  reached. 

The  saponification  value  of  castor  oil  is  given  by  the  Phanna- 
•copoeia  as  179-180,  and  the  iodine  number  as  not  less  than  86  nor 
more  than  89 ;  the  latter  is  remarkably  constant  and  is  given  bj 
several  authorities  as  82-84. 

Besides  its  extensive  use  for  medicinal  purposes,  castor  oil  is 
extensively  employed  for  the  manufacture  of  the  so-called  Turkish- 
red  oil,  used  in  calico-dyeing  and  printing.  Turkish-red  oil  is  made 
•by  adding,  very  slowly,  concentrated  sulphuric  acid  drop  by  drop  to 
4  times  its  weight  of  castor  oil  contained  in  a  capacious  vessel  sll^ 
rounded  by  ice  water  to  prevent  a  rise  of  temperature.  The  mixture 
is  stirred  during  the  addition  of  the  acid,  ana  after  12  hours'  rest  is 
-carefully  washed  with  cold  water,  and  after  separation  of  the  oilv 
layer  the  latter  is  washed  with  10  per  cent,  salt  solution  previously 
warmed  to  about  66°  C.  (149°  F.),  and  finally  nearly,  but  not  quite, 
neutralized  with  ammonia  water  or  sodium  hydroxide  solution.  The 
finished  product  is  a  thick  yellow  or  yellowish-brown  oily  fluid, 
miscible  with  water  in  the  form  of  an  emulsion,  from  which  oilj 
<lrops  separate  only  afler  long  standing.  It  consists  of  a  mixture  of 
sulphoricinoleic  acid  (CigH5502.0S03H),  free  fatty  acids,  and  undeoom- 
posed  oil.  The  French  Pharmacopoeia  recognizes  a  similar  prepara- 
tion under  the  name  Linimentum  sulphoricincUum  or  Topique  wlfori- 
•ciney  which  differs  from  the  crude  article  in  being  completely  dried 
by  agitation  with  anhydrous  potassium  carbonate  afler  removal  of  the 
-aqueous. layer,  and  is  then  filtered  through  paper:  moreover,  sodium 
hydroxide  solution  only  is  used  as  the  neutralizing  agent  This 
purer  article  is  commercially  also  known  as  polysolve. 

In  connection  with  castor  oil  mention  may  be  made  here  of  two 
other  constituents  of  castor  beans  or  seeds,  which  are  interesting  f»n 
account  of  their  poisonous  character.  Ricin,  an  unorganized  ferment 
belonging  to  the  group  of  toxalbumins,  is  present  in  the  seeds  to  the 
extent  of  2.8-3  per  cent.,  and  may  be  extracted  from  fresh  decorti- 
cated seed,  freed  from  oil  by  strong  expression,  by  percolation  with 
a  10  per  cent,  sodium  chloride  solution,  in  which  it  is  soluble.  By 
saturating  the  percolate  with  magnesium  and  sodium  sulphates,  ricin 
is  precipitated  and  may  be  freed  from  the  crystalline  salts  by  dial- 
ysis.    It  is  insoluble  in  alcohol,  ether  and  chloroform,  and,  althoogh 
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not  affected  by  dry  heat,  it  loses  its  toxic  properties  when  its  solu- 
tion is  heated.  Ricinine,  a  poisonous  base,  has  been  found  to  exist 
in  the  seed  coats  of  the  castor  bean  to  the  extent  of  0.15  per  oent.^ 
and  0.03  per  cent  in  the  oil  cake  left  after  expression  of  the  oil.  It 
is  extracted  with  boiling  water,  the  solution  evaporated  to  dryness, 
and  extracted  with  alcohol.  Ricinine  is  soluble  in  water,  alcohol,, 
ether  and  chloroform.  Its  solutions  are  precipitated  by  mercuric 
chloride  and  by  iodized  potassium  iodide  solution,  but  other  alka- 
loidal  reagents  are  without  effect.  It  is  not  capable  of  forming  salts 
with  acids,  and  when  treated  with  sodium  hydroxide  solution  yields 
methyl  alcohol  and  a  dibasic  acid  namea  ricinic  acid.  Recent 
investigators  have  assigned  the  formula  C^HgN^O,  to  ricinine. 

Ctodliyer  Oil. — ^The  composition  of  codliver  oil  is  largely  affected 
by  the  method  and  care  taken  in  its  extraction  and  subsequent  treat- 
ment. It  is  primarily  a  mixture  of  glycerides  of  stearic,  palmitic,, 
jeculeic  and  therapic  acids,  and  a  notable  percentage  of  volatile 
fatty  acids.  Cholesterin  has  been  found  as  a  constant  constituent,, 
the  quantity  varying  from  0.46  to  1.32  per  cent.  The  first  oil 
exudme  from  the  livers  contains  less  of  tne  organic  bases  found 
in  codliver  oil,  while  the  putrefactive  changes  which  the  livers. 
undeigo'in  some. cases  rbefbre'v expression,  no  doubt  contribute  to  the 
development  of  ptomainic  bases  found  in  some  varieties  of  oiL 
Amon^  the  bases  thus  far  identified  are  the  non-volatile  morrhuine,. 
Ci^Hj^Ns,  and  aselline,  C2SH32N4,  and  the  volatile  bases  trimethyl- 
amine,  butylamine,  amylamine,  hexylamine,  etc.  Phosphorus  and 
iodine  have  also  been  found  in  codliver  oil  in  very  small  quantities^ 
The  so-called  fish-stearin,  obtained  as  a  residue  when  the  frozen  oil 
is  expressed,  is  not  true  tristearin,  but,  according  to  Heyerdahl,  cpn-^ 
sists  of  a  mixtnre  of  20  per  cent,  of  glycerides  of  saturated  fatty 
acids  and  80  per  cent,  of  glycerides  of  unsaturated  fatty  acids ;  the 
exact  character  of  these  unsaturated  fatty  acids  has  not  been  deter<^ 
mined. 

Codliver  oil  is  said  to  be  often  adulterated  with  seal  oil  and  with 
the  oils  of  menhaden  and  other  fish ;  lard  oil  and  mineral  oils  have 
also  been  met  with,  for  the  detection  of  all  of  which  the  Pharma- 
copoeia gives  appropriate  tests.     According  to  Grane,  seal  oil  is  best 
distinguished  by  the  very  disagreeable  odor  of  the  soap  obtained  by 
boiling  some  of  the  oil  with  alcoholic  potassium  hydroxide  solution,. 
codliver  and  other  fish  oils  yielding  a  soap  of  only  slight  herring- 
like odor.     An  important  test  for  the  (]^uality  of  codliver  oil  is  the 
determination  of  the  free  fatty  acids,  which  should  not  exceed  0.3  to 
1.5  percent.     The  test  is  carried  out  as  follows:  Weigh  carefully 
26  to  50  Gm.  of  oil  into  a  200-  or  250-Cc.  flask  and  add  100  Cc.  of 
alcohol  which  has  been  carefully  neutralized.     Shake  well  and  raise 
to    the  boiling-point  by  means  of  a  water-bath.     Then  add  a  few 
drops  of  pbenolphthalein  test-solution,  and  run  in  very  cautiously 
S*    sodium  or  potassium  hydroxide   solution   from   a   burette  until 
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the  liquid  assumes  a  permanent  pink  tint.  Note  the  number  of 
Cc.  of  alkali  solution  used,  and  multiply  this  by  0.141,  which  will 
^ive  the  amount  of  free  fatty  acid  present  in  the  given  weight  of  oil^ 
•calculated  as  oleic  acid.  Divide  the  product  thus  obtained  by  the 
weight  of  oil  taken,  and  multiply  the  quotient  by  100,  to  find  the 
percentage  of  free  acid. 

The  Pharmacopoeia  requires  that  codliver  oil  shall  show  a  saponi- 
fication value  of  175-185  and  an  iodine  number  not  less  than  140 
nor  more  than  150.  According  to  Gane,  if  the  time  allowed  f(tr 
absorption  of  the  iodine  be  extended  to  6  hours,  genuine  codhver  oil 
will  take  up  from  150  to  170  per  cent,  of  the  same. 

Oottonseed  Oil. — This  oil  consists  chiefly  of  olein,  palmitio,  and 
linolein,  together  with  small  quantities  of  the  glycerides  of  linolenic 
acid  and  coloring  matter,  which  latter  is  removed  by  bleaching  the 
oil  with  warm  weak  solutions  of  alkali  hydroxide.  Cottonseed  oil 
when  saponified  with  alcoholic  potassium  hydroxide  solution  should 
show  a  saponification  value  of  191-196.  The  Pharmacppceia  giv« 
the  iodine  number  as  not  less  than  102  nor  more  than  108.  The 
presence  of  cottonseed  oil  in  other  oils  may  be  detected  by  Halphen*s 
test  and  the  test  with  silver  nitrate,  as  explained  under  Ls^  on 
page  671.  Nitric  acid  of  1.375  specific  gravity  produces  a  deep- 
orown  coloration  with  cottonseed  oil,  the  coloration  being  more  or 
less  vitiated,  however,  if  the  oil  has  been  heated  to  240^  C. 
<464°  F.> 

Oroton  Oil. — ^The  composition  of  croton  oil  is  very  complex,  the 
glycerides  of  not  less  than  10  acids  having  been  found — ^namely,  of 
oleic,  palmitic,  stearic,  myristic,  lauric,  valeric,  formic,  butyric, 
acetic,  and  tiglic  acids,  besides  which  crotonoleic  acid,  as  yet  but 
little  studied,  is  said  to  be  present  both  in  the  free  and  combtned 
«tate ;  this  latter  acid  differs  from  oleic  acid  in  that  its  barium  salt 
is  soluble  in  alcohol.  The  vesicant  principle  of  croton  oil  was  detei^ 
mined  in  1895  by  Dunstan  and  Boole,  of  England,  and  found  to  he 
a  bright  yellow,  hard,  brittle  substance,  to  which  they  gave  the 
name  croton  resin,  and  which  has  the  composition  C^HijO^ ;  it  i:? 
:soluble  in  alcohol,  ether,  and  chloroform,  and  possesses  neither  acid 
nor  basic  properties.  Croton  oil  differs  from  castor  oil  in  its  perfoit 
solubility  m  petroleum  bonzin.  Its  saponification  value  is  given  by 
the  Pharmacopoeia  as  212-218,  and  its  iodine  number  as  not  W 
than  102  nor  more  than  105. 

Lard. — The  most  important  constituents  of  lard  are  olein,  abom 
60  per  cent,  and  stearin,  al)out  40  per  cent.,  together  with  small  and 
variable  amounts  of  palmitin.  Lard  sometimes  contains  free  fiiity 
acids,  but  these  are  limited  by  the  Pharmacopoeia  t/>  0.56  per  ceni., 
as- shown  by  the  test  that  10  Gm.  of  the  lard  dissolved  in  chloroform 
shall  not  require  more  than  0.2  Cc.  of  normal  potassium  hydroxi<K' 
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solution  to  produce  a  pink  color,  phenolphthalein  being  used  as  an 
indicator. 

The  presence  of  cottonseed  oil  is  officially  detected  by  means  of 
an  alcoholic  solution  of  silver  nitrate  acidulated  with  nitric  acid, 
when  no  reddish  or  brown  color  should  be  observed.  In  addition  to 
this  test  the  Pharmacopoeia  also  directs  that  Halphen's  test  shall  be 
applied,  which  consists  in  mixing  melted  lard  with  an  equal  volume 
of  a  mixture  of  amyl  alcohol  and  a  1  per  cent,  solution  of  sulphur 
in  carbon  disulphide,  and  then  heating  the  mixture  for  15  minutes 
in  a  bath  of  boiling  salt-water,  when  no  reddish  color  should  be 
developed.  According  to  L.  Tolman,  the  test  is  made  more  reliable 
by  continuing  the  heat  for  1  or  2  hours. 

Lard  Oil. — This  oil  consists  almost  wholly  of  olein,  the  variable 
proportions  of  stearin  and  palmitin  present  depending  upon  the  care 
with  which  the  oil  has  been  expressed.  It  is  subject  to  adulteration 
with  cottonseed  oil  and  mineral  oils.  The  former  may  be  detected 
as  stated  above,  under  Lard,  and  the  mineral  oils  by  the  separation 
of  an  oily  layer  if  the  lard  oil  be  saponified  with  alcoholic  potassium 
hydroxide  solution.  The  Pharmacopoeia  gives  the  saponification 
value  of  lard  oil  as  195-197^  and  its  iodine  number  as  not  less  than 
56  nor  more  than  74. 

LiBfl€dd  Oil. — While  linseed  oil  contains  small  proportions  of 
olein,  palmitin,  myristin,  and  stearin,  it  consists  chiefly  of  the  glyc- 
erides  of  linolic  acid,  HCigHjiOj,  and  linolenic  acid,  HCigHj^Oj. 
Formerly,  the  name  linoleic  acid  was  applied  to  the  fatty  acid  present 
in  largest  amount,  but  this  has  been  snown  to  be  a  mixture  of  oleic, 
linolic,  linolenic,  and  isolinolenic  acids.  Upon  exposure  of  linseed 
oil  to  the  air,  oxidation  takes  place  and  oxylinolein  is  formed,  pro- 
ducing a  hard  varnish-like  residue.  Since  pure  linseed  oil  requires 
several  days  for  perfect  drj'^ing,  its  siccative  properties  are  increased 
hy  boiling  the  oil  and  by  addition  of  lead  oxide,  manganese  oxide 
and  similar  substances.  The  glyceride  of  oleic  acid  present  in  lin- 
seed oil  behaves  like  that  of  the  non-drying  oils  when  the  oil  is 
exposed  to  air,  but  decomposition  is  probably  estopped  by  the  forma- 
tion of  the  other  oxidation  products;  hence  the  acicfity  and  un- 
pleasant odor  due  to  rancidification  are  not  observed.  As  already 
stated  on  page  209,  boiled  linseed  oil  should  never  be  used  for 
pharmaceutical  purposes. 

Liinseed  oil  may  be  adulterated  with  rosin  oil  and  mineral  oils, 
which  will  remain  as  an  oily  residue  if  the  oil  is  saponified  with 
alcoholic  solution  of  potassium  hydroxide ;  the  resulting  soap  must 
be  completely  soluble  in  water.  The  Pharmacopoeia  gives  the 
saponification  value  of  linseed  oil  as  187-195,  and  the  iodine  number 
as  not  less  than  170 ;  the  latter  is  rarely  below  175  and  varies  with 
oils  from  different  sources,  sometimes  running  as  high  as  190  and 
even  198, 
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Oliye  Oil. — This  oil  consists  of  72  per  cenL  of  liqaid  glycerida 
(a  mixtare  of  olein,  94  parts,  and  linolein,  6  parts)  and  28  per  cent 
of  solid  gljcerides,  chi^y  palmitin  with  small  quantities  of  arachin. 
The  unsaponifiable  matter  met  with  in  olive  oil  has  been  shown  to 
be  phjtosterin,  and  the  greenish  color  of  the  oil  is  due  to  chloiophyl 
from  the  olive  fruit.  Olive  oil  has  been  found  adulterated  with 
cottonseed/ peanut  and  sesame  oils,  for  the  detection  of  whidi  the 
Pharmacopoeia  gives  appropriate  tests.  According  to  Tolmao,  olive 
oil  contains  an  impurity  which  interferes  with  the  tests  for  cottonseed 
and  sesame  oils,  and  hence  all  olive  oil  should'  first  be  tborooghlj 
shaken  with  hot  alcohol  and  then  washed  with  hot  water  before  the 
official  tests  are  applied.  The  same  authority  recommencb  that 
during  the  application  of  Halphen's  test  (see  under  Lard^  page  671), 
the  heat  should  be  continucKl  for  1  or  2  hours,  as  cottonseed  oil 
which  has  been  heated  will  respond  to  this  test  only  after  1  or  2 
hours,  and  would  escape  detection  during  the  short  period  directed 
in  the  official  test 

The  most  extensively  met-with  adulteration  is,  perhaps,  peanut 
oil,  and  its  detection  is  more  difficult  than  that  of  other  oils,  since  its 
chemical  and  physical  constants  are  very  similar  to  those  of  olive 
oil.  The  test  us«i  by  the  Bureau  of  Chemistry  of  the  Agricultural 
Department  at  Washington,  D.  C,  which  depends  upon  the  deter- 
mination of  arachidic  acid,  add  is  given  in  detail  in  the  Natioml 
Standard  Dispensatory^  page  1094,  is  said  to  yield  very  satisfactonr 
results;  20  times  the  weight  of  arachidic  acid  obtained  will  approxi- 
mately indicate  the  amount  of  peanut  oil  present 

The  Pharmacopoeia  gives  the  saponification  value  of  olive  oil 
as  191-195,  and  its  iodine  number  as  not  less  than  80  nor  more 
than  88. 

Oil  of  Theobroma.— Cacao  butter,  by  which  name  this  oil  is  better 
known,  is  composed  of  the  glycerides  of  oleic,  stearic,  palmitic,  and 
lauric  acids,  together  with  small  quantities  of  the  glycerides  of 
butyric,  formic,  linolic,  and  arachidic  acids.  A  peculiar  feature  of 
oil  of  theobroma  is  that  the  specific  gravity  of  recently  melted  and 
congealed  oil  is  lower  than  the  normal,  the  maximum  specific  gravit}* 
not  being  attained  for  some  time  after  (from  1  to  3  weeks). 

The  most  probable  adulterations  of  oil  of  theobroma  are  wax, 
stearin,  and  tallow,  for  the  detection  of  which  the  official  test  with 
solution  in  ether  is  admirably  adapted.  Under  the  conditions  named 
in  the  Pharmacopoeia,  a  solution  of  pure  oil  of  theobroma  will  not 
become  turbid  or  separate  granular  nocculi  in  less  than  3  minutes 
and  form  a  clear  liquid  again  at  15*^  C.  (59®  R). 

Oil  of  theobroma,  if  pure,  has  a  saponification  value  of  18^1^^« 
and  its  iodine  number  should  be  not  less  than  33  nor  more  than  SS, 

Spermaceti. — Although  composed  chiefly  of  cetyl  palmitaU;'. 
spermaceti  contains  also  glycerides  of  lauric,  myristic,  and  sieanc 
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acids,  and  is  therefore  more  nearly  related  to  the  true  fats  than  wool 
fat  and  beeswax.  The  cetyl  palmitate  may  be  separated  from  the 
glycerides  by  recrystallization  from  alcohol,  and  when  thus  purified 
will  not  yield  vapors  of  acrolein  when  heated  strongly,  whereas 
ordinary  spermaceti  does  give  oflF  the  characteristic  irritating  vapors 
due  to  decomposition  of  glycerin.  Spermaceti  ^s  readily  saponified 
by  means  of  alcoholic  solution  of  potassium  hydroxide,  the  resulting 
liquid  yielding  cetyl  alcohol  upon  addition  of  water.  It  is  not 
usually  adulterated,  since  the  addition  of  other  fats  would  materially 
alter  its  physical  properties,  and  detection  thus  not  be  difficult. 

Suet. — Mutton  suet,  according  to  Chevreul,  consists  of  70-80 
per  cent,  of  stearin  and  palmitiu,  and  20-30  per  cent  of  olein, 
together  with  a  trace  of  hircin,  which  latter  is  the  glyceride  of 
hircio  acid,  having  a  strong  acid  reaction  and  a  peculiar  goat-like 
odor.  The  Pharmacopoeia  recognizes  only  the  prepared  or  purified 
suet  (see  page  207). 

Wax. — Beeswax,  which  is  the  only  kind  of  wax  officially  recog- 
nized, is  a  mixture  of  myricyl  palmitate  and  free  cerotic  acid,  and 
is  said  to  contain  also  ceryl  palmitate  and  free  melissic  acid.     It  is 
subject   to  frequent  adulteration   with   tallow,  Japan  wax,  rosin, 
paraffin,  and  ceresin,  all  of  which  can  be  detected  by  the  tests  given 
in  the  Pharmacopoeia.     Pure  beeswax  contains  no  glycerides,  and 
hence  yields  no  glycerin.     The  saponification  value  of  yellow  wax 
is  officially  given  as  90-96  ;  in  pure  wax  this  is  rarely  found  below 
95.     Experience  has  shown  that  in  the  saponification  test  for  wax, 
the  time  given  in  the  Pharmacopoeia  for  boiling  the  wax  with  the 
alcoholic  solution  of  potassium  hydroxide  is  insufficient,  from  1 J  to 
3  hours'  boiling  being  required  to  effijct  perfect  saponification.     A 
sample  of  wax  thus  treated,  which  after  IJ  hours  time  showed  a 
saponification  value  of  65,  after  3  hours  gave  a  value  of  94.08,  and 
the  longer  time  would  therefore  seem  preferable  for  all  tests  of  wax 
in  order  to  secure  accurate  results. 

Wool  Fat. — Natural  wool  fijt  is  more  closely  related  to  the 
group  of  waxes  than  to  that  of  true  fats.  It  is  a  complex  mixture 
of  free  fatty  acids,  palmitic  and  cerotic  acid  esters  of  cholesterin, 
Lsocholesterin,  and  ceryl  alcohol,  and  non-saponifiable  bodies,  but 
contains  no  glycerin.  The  purified  or  official  fat  is  obtained,  as 
already  stated  on  page  207,  by  treatment  of  the  natural  fat  from 
wool  with  weak  alkali  solution,  subsequent  washing  w-ith  wa^^er, 
precipitation  with  calcium  chloride,  dehydration  with  lime  and 
extraction  with  acetone.  After  distillation  of  the  solvent,  the 
purified  fat  thus  obtained  consists  chiefly  of  cholesterin  esters,  and 
should  be  free  from  alkalies  and  free  fatty  acids.  The  Pharma- 
copoeia also  demands  the  absence  of  nitrogenous  matter,  as  shown 
by  boiling  wool  fat  with  potassium  hydroxide  solution,  when  no 
vapors  of  ammonia  should  be  given  off. 

43 
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A  characteristic  test  for  the  cholesterin  esters  present  in  wool  iat 
is  Liebermann's  (^olestol  reaction  :  1  Gm.  of  the  fat  is  dissolved  in 
3-4  Cc.  of  acetic  anhydride,  not  anhydrous  acetic  acid,  and  6  dntps 
of  concentrated  sulphuric  acid  gradually  added,  when  a  pink  colora- 
tion will  appear,  changing  to  groen  or  blue. 

Saponification. — Alkali  hydroxides  and  moist  metallic  oxides, 
in  the  cold,  only  partly  decompose  fats  and  fixed  oils,  forming 
emulsions  with  them,  as  shown  in  the  case  of  the  ofiScial  ammonia 
and  lime  liniments ;  but  at  boiling  temperature  complete  dissooa- 
tion  is  effected,  the  fatty  acids  combining  with  the  metallic  base, 
while  glycerin  is  liberated.  The  new  compounds  thus  obtained  aie 
known  as  soap,  and  the  process  is  termed  saponification  ;  the  char- 
acter of  the  soap  depends  upon  the  particular  hydroxide  employed, 
sodium  hydroxide  invariably  forming  hard  soap,  while  potassium- 
hydroxide  and  ammonia  form  soil  soap.  The  process  of  sai)onifica- 
tion  may  be  illustrated  by  the  following  equation  C3H5(C,gH3504  t 
3NaOH  -^  SNaCjgHjsO,  +  CjH.COH),,  which  represents  the  manu- 
facture  of  hard  soap  from  olive  oil. 

In  the  manufacture  of  soap  it  is  customary  to  add  the  alkali  solu- 
tion in  slight  excess  to  the  fat,  in  order  to  insure  complete  decom- 
position of  the  latter,  the  excess  remaining  in  solution.  Boiling  of 
the  mixture  is  continued  until  it  becomes  transparent  and  somewhat 
tenacious,  showing  that  no  uncombined  fat  remains ;  this  is  neces- 
sary, as  the  decomposition  of  the  fat  is  gradual,  and  the  newly  fonned 
soap  serves  as  an  emulsifying  agent  for  the  fat.  As  the  process  nears 
completion  iridescent  bubbles  are  seen  to  rise  on  the  surface,  consist- 
ing of  soap  solution.  Finally,  common  salt  is  added  to  the  finished 
solution,  whereby  the  soap  is  precipitated,  and  can  then  be  drained 
and  allowed  to  dry  in  suitable  moulds.  This  explains  the  fact  that 
ordinary  soap  will  cause  no  lather  with  sea  water,  a  special  soap 
made  with  cocoanut  oil  or  rosin,  and  known  as  marine  soap,  being 
preferable  for  this  purpose,  since  it  is  soluble  in  solution  of  salt. 
Since  all  fats  contain  some  palmitin  or  stearin  (even  the  fixed  oilst, 
the  consistence  of  the  soap  will  depend  in  part  upon  the  proportion 
of  solid  fats  present,  being  firmest  in  soaps  made  partly  with  stearin 
fats,  such  as  suet,  tallow,  etc. 

The  term  saponification  is  used  also  to  express  the  decomposition 
of  fats  and  fixed  oils  by  water  with  the  aid  of  superheated  steam, 
which  results  in  liberation  of  the  fatty  acids  and  glycerin,  as  io 
the  case  of  tallow  or  suet ;  thus,  C^^s/iG^^^^Oj)^  +  3H,0  =  SHC^ 
H33O2  +  C3H^(OH)3.  Chemists,  not  confining  the  process  to  the 
glycerides  of  fatty  acids,  further  apply  the  term  to  the  resolution  of 
all  compound  ethers  by  an  alkali  into  the  respective  acids  and  alco- 
hols, which  is  often  practised  in  connection  with  the  determinatioa 
of  certain  constituents  of  volatile  oils.  The  action  of  potassium 
hydroxide  on  aldehyde,  resulting  in  the  formation  of  aldeliyde-rt>iD» 
has  also  sometimes,  but  erroneously,  been  called  saponification.    Id 
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pharmacy  the  term  soap  is  always  restricted  to  the  alkali  salts  of 
fatty  acids,  obtained  by  treatment  of  a  fat  or  fixed  oil  with  a  boiling 
solution  of  sodium  or  potassium  hydroxide,  which  are  soluble  in 
water ;  the  name  oleate  or  plaster  is  more  properly  applied  to  those 
soaps  which  are  insoluble  in  water  or  alcohol  and  are  made  with  the 
oxides  of  the  earths  or  heavy  metals.  Soap  made  wholly  from  animal 
fat  is  but  sparingly  soluble  in  cold  alcohol,  and  is  therefore  to  be  pre- 
ferred for  the  preparation  of  solid  opodeldoc  and  similar  firm  lini- 
ments. Such  a  soap  is  recognized  in  the  British  Pharmacopoeia  as 
Sapo  Animalia  or  Ourd  Soap. 

Medicated  Soaps. — While  soaps  intended  simply  as  detergents 
may,  without  detriment,  contain  a  very  slight  excess  of  alkali,  it  is 
desirable  when  medication  of  the  soap  is  intended,  that  prior  to  its 
application  a  perfectly  neutral  substance  be  employed ;   it  has,  in 
&ct,  been  found  that  soap  containing  uncombined  fat  is  even  prefer- 
able to  neutral  or  normal  soap,  for  not  only  does  it  render  the  skin 
softer,  but  reaction  between  the  soap  and  any  medicinal  agent  added 
is  also  thereby  avoided  or  at  least  retarded.     Such  soaps,  containing 
an  excess  of  fat,  are  known  as  superfatted  soaps,  and  have  been 
largely  used  for  the  past  fifteen  or  twenty  years.    In  preparing  them 
it  is  customary  to  add  an  excess  of  3  or  5  per  cent,  of  fat  or  fixed  oil 
in  the  beginning  of  the  operation,  which  then  remains  intimately 
mixed  with  the  newly  formed  soap.     In  a  few  cases  the  excess  of  fat 
has  been  incorporated  with  the  freshly  made,  neutral  soap  while  yet 
in  a  soft,  pasty  condition.     Both  olive  oil  and  lanolin  are  used  in 
the  manumcture  of  superfatted  soaps,  having  been  found  preferable 
to  all  other  fats  in  their  action  on  the  skin  and  toward  chemicals. 

In  the  manufacture  of  medicated  soaps  the  plan  followed  is  iden- 
tical with  that  prescribed  on  page  416  for  ointments.  The  medicinal 
agent  is  first  intimately  mixed  (either  in  the  form  of  solution  or 
im palpably  fine  powder)  with  a  small  portion  of  the  superfatted  soap, 
by  means  of  suitable  apparatus,  which  mixture  is  then  added  to  such 
a  further  quantity  of  the  same  vehicle  as  may  be  necessary  to  establish 
the  required  percentage  strength  of  the  finished  product.     Among 
the   various  medications  of  superfatted  soaps  are  tar  5  per  cent., 
sulphur  10  per  cent.,  salicylic  acid  5  per  cent.,  borax  6  per  cent., 
carbolic  acid  5  and  10  per  cent.,  corrosive  sublimate  0.1  and  0.6  per 
cent.,  camphor  5  per  cent.,  and  others. 

Official  Soaps. — ^The  Pharmacopoeia  recognizes  two  varieties 
of  soaps ;  one  by  the  general  name  soap  (Latin,  sapo),  and  the  other 
by  tlie  general  name  soft  soap  (Latin,  sapo  mollis).  The  first  is 
intended  to  be  a  hard  soap  made  from  olive  oil  and  sodium  hydrox- 
ide, as  already  explained.  When  fresh,  or  if  kept  in  a  damp  cellar, 
it  usually  contains  a  large  proportion  of  water,  most  of  which  is 
driven  off  by  drying  in  a  warm,  airy  room,  and  all  of  which  can  be 
expelled  at  a  temperature  of  110°  C.  (230°  F.).     White  Castile 
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soap,  the  kind  officially  recc^nized^  usually  contains  a  slight  eice» 
of  alkali,  which  should  not,  however,  exceed  3  per  cent,  of  sodium 
carbonate  or  0.238  +  per  cent,  of  sodium  hydroxide,  as  indicaitcd 
by  the  official  test  with  -i^  oxalic  acid  solution.  The  Pfaamia- 
oopoeia  also  demands  the  absence  of  more  than  1  per  cent,  of  matter 
insoluble  in  water. 

The  soft  soap  of  the  Pharmacopoeia  is  directed  to  be  made  by  the 
action  of  potassium  hydroxide  on  linseed  oil.     Commereiallr,  it  15 
generally  known  as  green  soap,  which  was  formerly  also  the  official 
title;  the  color  is,  however,  by  no  means  green,  beine  yelWy\ 
brown.     On  account  of  the  unsightly  appearance  and  disagreeable 
odor  of  the  official  preparation,  the  use  of  olive  oil  in  place  of  Unseed 
oil  has  been   recommended,  yielding  a  more   satisfactory  product. 
The  quantity  of  potassium  hydroxide  directed  in  the  official  formula 
is  based  on  the  assumption  that  it  contains  85  per  cent,  of  absolute 
KOH ;  potassium  hydroxide  of  any  other  strength  may  be  used,  and 
the  exact  quantity  ascertained  by  dividing  8075  by  the  percentage 
of  purity.     If />  be  allowed  to  represent  the  unknow^n  percentage,  and 
X  the  unknown  quantity,  then  d  :  85  : :  95 :  ar,  and  a:  =  95  X  85  (i^r 
8075)  -r- ».     The  value  of  the  official  soft  soap  is  partly  due  to  its 
greater  alkalinity.     In  the  German  Pharmacopoeia  this  soap  is  known 
as  sapo  kcdinus. 

Glycerin. — As  already  stated,  the  basylous  radical  found  in  all 
true  fats  and  fixed  oils,  both  of  v^egetable  and  animal  origin,  i^ 
glyceryl,  the  hydroxide  of  which  is  glycerin,  C3H5(OH)3,  a  triatomic 
alcohol.     It  has  proved  a  most  valuable  solvent  and  antiseptic  in 
pharmacy,  second  only  to  alcohol  in  this  respect.     Nearly  all  gly^ 
erin  now  produced  in  this  country  is  made  by  decomposing  fats  in 
large  copper  digesters ;   fat  and  water  having  been    put  into  the 
digester,  steam  under  120  to  150  pounds  pressure  is  introduced  for 
several  hours,  whereby  the  mixture  is  kept  in  constant  agitation  an<l 
the  fat  is  completely  decomposed,  the  glycerin  entering  into  solu- 
tion in  the  water,  and  the  non-volatile  fatty  acids  floating  on  th? 
surface  of  the  aqueous  soluticm.     The  volatile  fatty  acids  are  allowed 
to  escape  with  steam  through  a  small  orifice  in  the  top  of  the  diges- 
ter.    The  dilute  solution  of  glycerin  is  transferred  to  evaporatinir- 
tanks  and  concentrated  until  it  reaches  a  density  of  28®  Banm^. 
equal  to  a  specific  gravity  of  1.24  at  15^  C.  (59^"  F.).     The  crole 
dark  amber-colored    glycerin    thus   obtained    is    introduced  int»» 
specially  constructed  stills,    into   which   steam  enters    at  a   trcn* 
perature  of  about   250°  C.  (482°  F.),  carrying    the   glycerin,  io 
the  form  of  vapor,  with  steam,  over  into  a  series  of  condensei?^^ 
arranged  that  the  glycerin  condenses  in  passing  through  at  van**? 
degrees  of  density  ;  the  first  condenser,  being  least  cooled,  contain* 
the   heaviest   glycerin,  the  distillate  becoming   gradually  weabr. 
until  in  the  last  condenser  almost  pure  water  is  collected.  'ColoriDj^ 
matter  is  removed  by  treatment  with  animal  or  vegetable  chare««I 
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«nd  the   distillation   is  repeated  two  or  three  times  until  the  re- 

Juired  degree  of  purity  has  been  obtained.  The  Pharmacopoeia 
emands  at  least  95  per  cent,  of  absolute  glycerin,  which  liquid  has 
the  specific  gravity  of  1.246  at  25°  C.  (77°  F.),  and  is  soluble  in 
water  and  alcohol  in  all  proportions,  as  also  in  a  mixture  of  3  parts 
of  alcohol  and  1  part  of  ether,  but  is  insoluble  in  ether,  chloroform, 
benzene,  petroleum  benzin,  fixed  and  volatile  oils.  The  most  im- 
portant tests  of  those  mentioned  in  the  Pharmacopoeia  are:  the 
absence  of  turbidity  and  color  when  glycerin,  after  dilution  with 
water,  is  mixed  with  silver  ammonium  nitrate  test-solution  and  then 
allowed  to  stand,  protected  from  light,  for  five  minutes ;  the  absence 
of  an  offensive  or  acidulous  odor  wnen  glycerin  is  heated  with  diluted 
sulphuric  acid ;  the  absence  of  a  color  darker  than  yellow,  when  a 
mixture  of  equal  volumes  of  glycerin  and  concentrated  sulphuric  acid 
is  allowed  to  stand  for  1  hour ;  and  the  complete  volatility  of  glycerin 
upon  itrnition.  Although  official  glycerin  boils  at  about  165°  C. 
(329°  F.),  it  is  readily  vaporized  from  an  aqueous  solution  at  100°  C. 
(212°  F.). 

While  glycerin  is  unaffected  by  cold  nitric  or  sulphuric  acid  sepa- 
rately, a  mixture  of  the  two  acids  forms  with  it  a  definite  chemical 
compound,  glyceryl  or  propenyl  trinitrate,  C3Ha(NOs)s,  commonly 
but  wrongly  called  nitroglycerin,  and  known  also  as  glonoin  and  tri- 
nitrin.     Glyceryl  trinitrate  is  prepared  by  adding  a  mixture  of  100 
parts  of  anhydrous  glycerin  and  3  parts  of  sulphuric  acid  (spec.grav. 
1.835),  gradually  and  in  small  portions  at  a  time,  to  a  well-chilled 
mixture  of  280  parts  of  nitric  acid  (si)ec.  grav.  1.5)  and  300  parts  of 
sulphuric  acid  (spec,  grav,  1.835),  the  vessel  being  kept  surrounded 
by  ice.     This  mixture  is  afterward  poured  into  six  times  its  volume 
of  cold  water,  washed  free  from  acid,  and  finally  dried  over  sulphuric 
acid.     The  reaction  may  be  illustrated  as  follows :     €3115(011)3  + 
3HXO3  +  H2SO,  =  C3H,(N03)3  +  3H2O  +  H2SO,,  the  sulphuric 
acid  simply  serving  to  withdraw  the  water  eliminated  in  the  forma- 
tion of  the  compound  ether.     The  product  is  a  slightly  yellowish, 
oily  liquid,  insoluble   in  water  but  soluble  in  alcohol.     It  has  a 
sweet,  aromatic  taste,  and  is  very  poisonous.    In  the  form  of  a  1  per 
cent,  alcoholic  solution  glyceryl  trinitrate  is  recognized  in  the  Phar- 
macopoeia as  Spiriius  Glycerylia  Nitratis — Spirit  of  Glyceryl  Trini- 
trate, or  Spirit  of  Nitroglycerin  ;  tablet  triturates  and  chocolate  tab- 
lets containing  0.00065  and  0.0013  Gm.  (y^^  and  ^  grain)  of  glyc- 
eryl trinitrate  each  are  also  used  by  physicians ;  mixed  with  three 
parts  of  infusorial  earth  (kieselguhr),  it  constitutes  dynamite,  a  well- 
known  blasting  agent. 

Glycerophosphoric  acid  or  glycerin  acid  phosphate,  €3115(011)2 
H^PO^,  IS  another  derivative  of  glycerin  introduced  into  medicine 
and  pharmacy  within  recent  years.  It  is  chiefly  used  in  the  form 
of  calcium,  iron,  or  sodium  salts.  The  commercial  acid  is  a  20 
per  cent,  aqueous  solution,  as  all  efforts  to  concentrate  the  solution 
and  obtain  the  pure  acid  have  failed,  and  always  resulted  in  decom- 
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position.  When  glacial  phosphoric  acid  is  gradually  dissolved  in  an 
equal  weight  of  95  per  cent,  glycerin  with  the  aid  of  moderate  heat 
and  the  solution  then  heated  in  a  parai&n-bath  for  several  hours 
at  100°-110°  C.  (212°-230°  F.),  water  is  split  off  and  a  new  com- 
pound results  in  the  form  of  a  tenacious  niasi^,  which  is  then  div 
solved  in  water  and  neutralized  with  milk  of  lime  or  solution  of 
barium  hydroxide.  Some  calcium  phosphate  (or  l>arium  phosphate) 
will  deposit^  and  is  removed  by  filtration.  The  remaining  sohitioo 
is  concentrated  in  a  vacuum  apparatus,  and  upon  addition  of  alcohol 
the  glycerophosphate  is  precipitated  and  then  freed  from  adhering 
glycerin  by  washing  with  alcohol.  For  obtaining  the  commercial 
acid,  the  barium  glycerophosphate  is  decomposed  with  a  calculated 
quantity  of  diluted  sulphuric  acid  and  the  resulting  barium  sulphate 
removed  by  filtration. 

PetroleTUn  Products. — Pharmaceutically  closely  allied  to  the 
fistts,  but  chemically  entirely  distinct,  are  those  mixtures  of  hv(in>- 
carbons  of  the  paraffin  series  obtained  by  purification  of  the  resiA- 
uum  from  the  distillation  of  American  petroleum.  Thev  are  reoi^;:- 
nized  in  the  Pharmacopoeia  by  the  names  Paraffin,  tetrolatuiu. 
Liquid  Petrolatum,  and  White  Petrolatum.  The  British  and 
German  Pharmacopoeias  employ  only  the  name  Paraffin,  but  rec-i;- 
nize  three  varieties  of  the  same  as  hard,  liquid,  and  soft  paraffin. 
Several  of  these  substances  are  fat-like  in  appearance  and  exttu- 
sively  employed  as  vehicles  for  the  application  of  numerous  rem«li;il 
agents  ;  commercially  they  are  known  as  vaseline,  cosmoline, albohnt. 
petrolina,  etc. 

The  existence  of  petroleum  in  the  earth  has  not  as  yet  been  ;aib- 
factorily  explained ;  several  theories  have  been  advanced,  the  m"?t 
acceptable  of  which  is  that  petroleum  is  the  result  of  dissociation '«: 
large  quantities  of  fatty  matter  (derived  from  marine  animalsi,  wL;.e 
under  long-continued  pressure,  at  a  moderate  temperature,  witi 
entire  exclusion  of  air. 

American  petroleum  consists  of  a  mixture  of  hydrocarbons  of  the 
fatty  or  marsh-gas  series  from  methane  upward  to  those  richest  :e 
carbou,  together  with  small  and  varying  proportions  of  apumaii 
hydrocarbons.  Upon  subjecting  the  crude  petroleum  to  a  re^nirj 
process  by  fractional  distillation,  benzin  or  naphtha,  illuminntir.:- 
oiis,  and  a  residuum  largely  composed  of  paraffins  are  obtained.  A  • 
fractions  are  then  further  purified  by  treatment  with  sulphuric  aci-. 
and  subsequently  with  alkalies,  after  which  they  are  subjected  t' 
further  fractional  distillation. 

U{K)n  distilling  the  purified  residuum  from  the  crude  petn)lear: 
at  higher  temperatures,  "  paraffin  oils  "  are  obtained  together  with  .^ 
residue  of  pitch.  These  paraffin  oils  are  filtered  while  hot  thr'n^'; 
freshly  burned  boneblack,  for  the  purpose  of  removing  odor  a  * 
color,  and  then  subjected  to  distillation  until  the  desired  consL-ttT.  • 
or  melting-point  of  the  residuary  portion  is  obtained.    The  offi*  - 
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varieties  differ  from  each  other  simply  in  the  graded  removal  of  lower 
hydrocarbons. 

Paraffin  and  petrolatum  are  not  saponifiable  and  not  subject  to 
rancidity.  If  properly  purified  they  consist  only  of  hydrocarbons, 
which  are  not  afiected  at  all  by  cold- acids  and  alkalies,  and  only 
slightly  by  hot  acids ;  hence  the  name  paraffins  has  been  given  to  the 
products,  from  the  words  parum^  too  little,  and  affinis,  allied,  on 
account  of  their  lack  of  affinity  for  other  substances. 

Hard  paraffin  is  obtained  partly  as  a  residue  from  the  above- 
mentioned  paraffin  oils  and  also  largely  by  the  purification  with  sul- 
phuric acid,  etc.,  of  ozokerite  or  mineral  Tearth)  wax.  It  occurs  as  a 
white,  crystalline,  odorless,  wax-like  boay,  having  a  melting-point 
varying  from  50^  to  80°  C.  (122°-174°  F.),  according  to  its  source. 
Ceresin  is  a  yellow  variety  of  purified  earth  wax,  often  used  to 
adulterate  yellow  beeswax. 

Petroleum  Benzin. — This  product,  also  known  as  petroleum 
ether,  and  commercially  simply  designated  as  benzin,  is  a  mixture 
of  hydrocarbons,  chiefly  pentane,  C5H12,  and  hexane,  CgHj^.  The 
official  article  constitutes  tnat  fraction  of  purified  petroleum  distilling 
between  45°  and  60°  C.  (113°  and  140°  F.),  as  indicated  by  the 
boiling-point  given  in  the  Pharmacopoeia,  and  should  have  a  specific 
gravity  of  0.638-0.660  at  25°  C.  (77^  F.).  It  is  insoluble  in  water,  sol- 
uble in  about  6  parts  of  alcohol,  and  readily  soluble  in  ether,  chloro- 
form, volatile  oils  and  in  fixed  oils  with  the  exception  of  castor  oil. 
It  is  highly  inflammable  and  its  vapor  when  mixed  with  air  and 
ignited  explodes  violently ;  hence  it  should  be  carefully  preserved  in 
tin  cans  or  well-stoppered  bottles  in  a  cool  place  remote  from  lights 
or  fire. 

Purified  Petroleum  Benzin. — Commercial  benzin  is  not  suitable 
for  pharmaceutical  p!>rposes,  and  the  Pharmacopa.ia  therefore  directs 
its  purification  as  follows :  Petroleum  benzin  is  first  mixed  with  an 
acid  solution  of  potassium  permanganate,  and  the  mixture  set  aside 
for  24  hours  with  frequent  agitation  ;  after  decantation  of  the  lighter 
fluid  this  is  treated  for  several  hours  with  an  alkaline  solution  of 
potassium  permanganate,  again  bringing  the  two  fluids  into  intimate 
contact  by  frequent  agitation.  The  benzin  thus  purified  is  decanted 
and  washed  several  times  with  plain  water,  after  which  it  is  again 
decante<I  and  should  then  be  free  from  sulphur  compounds  and  other 
impurities. 


CHAPTER  LVIII, 

VOLATILE  OILS  AND  RESINS. 

Volatile  oils  form  a  very  important  class  of  pharmaceutical 
plant  products.     Their  physical  properties  and  the  mode  of  obtaio- 
ing  them  have  already  been  fully  considered  on  pages  209-221. 
Chemically,  volatile  oils  differ  radically  from  fats  and  fixed  ofls, 
as  they  are  not  capable  of  saponification  and  contain  no  glycerin. 
Moreover,  by  exposure  to  air,  they  do  not  become  rancid,  but  many 
undergo  resinification.    They  may  be  said  to  consist  of  hydrocarbons 
of  the  aromatic  series,  usually  associated  with  oxygen  derivatives, 
alcohols,  aldehydes,  compound  ethers,  acids,  ketones,  and  pbenok 
While  some  volatile  oils  are  complex  mixtures,  others  are  of  very 
simple  composition.     The  hydrocarbons  found  in  volatile  oils  all 
belong  to  one  of  the  following  groups  :  terpenes  of  the  composition        | 
CioHij,  sesquiterpenes  of  the  composition  C^H^,  diterpenes  of  the 
composition  CjqHjj,  and  polyterpenes  of  the  composition  (C,oH,g),. 
The  terpenes  include  dextrorotatory  pinene,  found  in  American  oil 
of  turpentine ;  Isevorotatory  pinene,  found  in  French  oil  of  turpen- 
tine ;  camphene,  a  solid  body,  melting  at  48°-49°  C.  (118.4^-120.2° 
F.),  and  found  in  the  oils  of  camphor,  citronella,  lemon,  and  others; 
dextrorotatory  limonene  (known   also   as  hesperidine,  citrene,  aud 
carvene),  constituting  the  bulk  of  the  oils  of  orange  peel,  lemon,  and 
erigeron,  and  about  50  per  cent,  of  oil  of  caraway ;  laevorotaton* 
limonene,  constituting  about  50  per  cent,  of  American  oil  of  spear- 
mint; optically  inactive  limonene,  usually  designated  as  dipentcne; 
sylvestrene,  found  in  Swedish  and  Russian  oil  of  turpentine ;  pbel- 
landrene,  of  which  the  dextrorotatory  variety  is  found  in  oil  of  water 
fennel,  and  the  Isevorotatory  variety  forms  an  objectionable  a»n- 
stituent  of  the  oils  of  eucalyptus ;  of  these  pinene  and  limonene  are 
very  widely  distributed  in  nature.     Although  terpenes  frequently 
form  the  bulk  of  volatile  oils,  thev  mav  in  some  instances  be  con- 
sidered,  from  the  standpoint  of  flavor  and  medicinal   properties  at 
least,  merely  as  diluents  for  the  more  important  constituents,  and,  on 
account  of  their  sparing  solubility  in  mixtures  of  alcohol  and  water, 
are  frequently  removed.     Oils  thus  deprived  of  tlieir  hydnxarb^n 
constituents  are  known  as  terpeneless  oils,  and  have  been  laryt4y 
offered  for  sale  for  a  number  of  years,  especially  for  the  manufaciurf 
of  liquors,  essences,  and  spirits.    The  group  of  sesquiterpenes  inclwl** 
cadinene,  caryophyllene,  cedrene,  humulene,  and  santalene.    Otlrr 
hydrocarbons   met  with  are   cymene,  myrcene,    sabinene,  stvrene, 
thujene,  etc. 
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Among  the  alcohols  found  in  volatile  oils,  both  free  and  in  the 
form  of  esters,  are  allyl,  amyl,  butyl,  methyl  and  terpin  alcohol, 
borueol,  geraniol^  linalool,  menthol,  sabinol,  santalol  and  terpineol. 
The  aldehydes  comprise  benzoic  and  cinnamic  aldehydes^  citral^  and 
citronellal;    the   ketones,   camphor,   carvone,   and  menthone;    the 
phenols  and  phenolic  ethers,  carvacrol,  chavicol,  eugenol,  safrol,  and 
thymol.     Besides  acetic,  anisic,  benzoic,  butyric,  formic,  salicylic, 
and  valeric  acids,  sulphocyanic  and  hydrocyanic  acids  are  also  present 
in  some  oils ;  with  the  exception  of  hydrocyanic  acid  they  are  usu- 
ally in  combination  as  esters,  and  but  rarely  present  in  the  free  state. 
The  behavior  of  volatile  oils  with  acids,  alkalies,  and  other  reagents 
must  naturally  vary  greatly,  owing  to  the  diversity  in  their  consti- 
tution.    Those  oils  composed  almost  wholly  of  terpenes  form  either 
solid  or  liquid  compounds  with  hydrochloric  acid.     Other  oils  are 
oxidized  and  converted  into  resin-like  bodies  by  nitric  acid,  while 
sulphuric  acid  thickens   some  volatile  oils   and   completely  chars 
others.     Color  reactions  also  occur  between  some  of  the  oils  and 
sulphuric  and  other  acids.     Alkali   carbonates  are  without  much 
effect  on  volatile  oils  unless  the  latter  contain  acids,  but   alkali 
hydroxides,  in  both  aqueous  and  alcoholic  solution,  are  more  active, 
removing  phenols,  sajwnifying  compound  ethers,  etc.     Acid  alkali 
sulphites,  when  added  to  volatile  oils  containing  aldehydes,  combine 
with  the  latter  to  form  crystalline  compounds.    Iodine  reacts  violently 
with  some  oils,  and  bromine  forms  crystallizable  tetrabromides  with 
others. 

For  the  examination  of  volatile  oils  both  chemical  and  physical 
methods  are  employed;  of  the  former,  determination  of  alcohols, 
aldehydes,  esters,  phenols,  etc.,  are  important,  while  of  the  latter  the 
determination  of  specific  gravity,  optical  rotation,  congealing-point, 
and  solubility  in  alcohol,  offers  valuable  information  for  deciding 
upon  the  true  character  of  the  oil. 

The  specific  gravity  of  volatile  oils  may  be  ascertained  by  means 

of  the  Mohr-Westphal  balance  (see  page  65),  or  a  small  pycnometer. 

For  the  determination  of  the  specific  rotation  of  oils,  wliich  is  now 

required  in  many  cases,  the  necessary  explanation  may  be  found  on 

pages  580  and  681  of  the  Pharmacopoeia.     The  degree  of  solubility 

in  alcohol  is  at  times  useful  for  detection  of  certain  adulterants,  such 

^s  oil   of  turpentine,  rectified  petroleum,  and  fatty  oils ;  it  is  best 

determined  by  placing  1  Cc.  of  the  oil  in  a  small  cylinder  of  1 0  Cc. 

capacity,  and  graduated  into  Vs  or  -^^s,  and  adding  small  portions 

of  90,   80,  or  70  per  cent,  alcohol,  as  the  test  may  require,  until, 

after  vigorous  agitation,  a  perfectly  clear  solution  results,  free  from 

turbidity  and  separation.     As  determination  of  the  congealing-point 

is  required  for  only  two  of  the  official  oils,  the  method  will  be  given 

under  the  respective  oils. 

The  following  analytical  methods  in  use  among  chemists  give  an 
idea  as  to  the  mode  of  determining  quantitatively  some  of  the  chief 
constituents  of  volatile  oils. 
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Determination  of  esters,  such  as  are  found  in  the  oils  of  beigamot, 
lavender,  orange  flowers,  peppermint,  and  wintergreen:  Place  2Gm. 
of  the  oil  into  a  suitable  100  Cc.  flask  provided  with  a  sound  cork 
and  a  reflux  condenser ;  in  place  of  the  condenser,  a  glass  tubethinv- 
six  or  forty  inches  long  may  be  used.  Add  20  Cc.  of  |  alcoholic 
potassium  hydroxide  solution  to  the  oil  and  heat  the  mixture  to 
boiling  on  a  water-bath  for  one  hour.  When  cool  dilate  the  con- 
tents of  the  flask  with  about  50  Cc.  of  distilled  water  and  titrate 
the  excess  of  alkali  by  means  of  ^  sulphuric  acid.  From  the 
number  of  cubic  centimeters  of  ^  KOH  solution  thus  ascertained  as 
having  been  required  for  saponification  of  the  ester  in  the  oil  calcu- 
late the  number  of  milligrammes  of  KOH  required  (1  Cc.  \  KOH 
sol,  ==  0.02787  Gm.  KOH)  for  1  Gm.  of  the  oil,  and  from  this  find 
the  percentange  of  ester  originally  present.  Every  milligramme  of 
KOH  required  for  1  Gm.  of  the  oil  represents  0.35  (0.349 -f)  per 
cent,  of  acetate  of  alcohols  of  the  composition  C,„H,70H,  or  O.iioS 
(0.352S  +)  per  cent,  of  acetate  of  alcohols  of  the  composition 
CioHjgOH,  as  shown  by  the  following  proportions : 

KOH        CioHnCjHjO,        KOH        C,oH„C,H,0, 

55.74    :  194.68        :  :  0.001    :  x  z  =  0.00349  +. 

KOH        Ci0H|9C^H3O2        KOH        CigHuCfHsOf 

55.74    :  196.68         :  :  0.001    ?  x  x  —  0.003528  -t . 

If,  therefore,  2  Gm.  of  oil  of  lavender  were  found  to  require  O.lW 
Gm.  of  KOH,  the  oil  must  contain  33.95  per  cent,  of  Cx^vf^fi^f^v 
for  194  X  0.0035  =  0.6790  and  0.6790  X  50  (or  2:«!?^  =  33.95. 

The  figures  in  the  above  calculations  refer  to  the  presence  of  esters 
as  acetates  only ;  when  benzoates,  salicylates,  or  other  esters  are 

E resent,  or  a  possible  mixture  of  these  with  acetate,  the  results  may 
e  reported  either  as  equivalent  to  so  much  acetate  or  different  calcu- 
lations made  for  other  esters  if  they  alone  be  present. 

Determination  of  alcohols :  Since  the  different  alcohols  met  wth 
in  volatile  oils  are  rarely,  if  ever,  present  wholly  in  an  mioonibined 
state,  it  becomes  necessary  to  determine,  first,  the  amount  in  ci»ni- 
bination  as  esters  and  then  the  total  amount  present,  and,  lastly, 
find   the  amount  of   uncombined  alcohol  by  difference.     Havinjj 
saponified  a  given  weight  of  the  oil  by  the  method  above  explaini^l. 
the  percentage  of  alcohol  present  as  an  ester  can  be  readily  calcolaied 
by  multiplying  the  number  of  cubic  centimeters  of  J  KOH  solutk* 
required  for  saponification  by  0.07649  for  alcohols  having  the  O'lr.* 
position  CioHiyOH,  or  by  0.07749  for  alcohols  belonging  tc»  tb* 
CioHigOH  group,  then  dividing  the  product  by  the  weight  of  "il 
used  and  multiplying  the  quotient  by  100.     The  next  step  i?  i" 
convert  the  uncombined  alcohol   into  an  ester,   which  is  done  ly 
acetylization.     Into  a  suitable  flask,  provided   with  a   reflux  <^r- 
denser  ground  into  the  neck,  as  shown  in  Fig.  301,  are  put  10 (in- 
of  the  oil,  an  equal  volume   of  acetic  anhydride  {CjAjd)fi,  &^'- 
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1  Gni,  of  dry  sodium  acetate ;  the  mixture  13  then  boiled  for  an  hour 
and  cooled.     The  product  is  tro.isferred  to  a  separator,  and  washed 
well  with  water,  then  with  a  dilute  solution  of  soaiiini  hydroxide,  and, 
again,  with  water  until  the  reaction  is  neutral, 
and    is   finally   dried   with   anhydrous    calcium  F"»-  301. 

chloride  or  sodium  sulphate.  2  Gm.  of  the 
dry  acetylized  oil  are  transferred  to  a  suitable 
flask,  using  a  small  quantity  of  95  per  cent,  ethyl 
alcohol  to  transfer  the  last  portions,  and  saponi- 
fied with  20  Cc.  of  normal  alcoholic  potassium 
hydroxide  solution  in  the  manner  explained  in 
the  preceding  paragraph,  except  that  normal  sul-  ' 
phuric  acid  must  be  us«l  in  this  case  to  titrate 
tbe  excess  of  alkali.  If  the  number  of  Cc.  of 
normal  alkali  required  by  tbe  oil  be  now  multi- 
plied by  0.15298  or  0.15498  the  total  amount  of 
alcohol  present  in  the  2  Gm.  of  oil  used  will  be 
found,  and  multi]>Iyiug  this  product  by  50  gives 
the  percentage.  The  difference  between  this  per- 
centage and  that  of  alcohol  found  in  combination 
represents  the  uncombined  alcohol. 

The   method  is  well  adapted  for  the  quanti- 
tative  determination   of  borneol,   geraniol,  and  _ 
menthol,  but  does  not  give  satisfactory  results  Aoet^'lization  flii:.k. 
with  linalool  and  terpineol ;  the  reaction  occur- 
ring may  be  iUustrated   by  the  following  equation:  C|„H,;OH  + 
(C^HjOjiO  =  C,oH„CjH,0,  +  HC,HA-      If    aldehydes   are   also 
present  in  the  oil  the  acetylization  method  cannot  be  used. 

Determination  of  aldehydes :  The  well-known  property  of  alde- 
hydes of  forming  water-soluble  addition-compounds  with  acid  sodium 
sulphite  is  made  use  of  in  determining  the  aldehyde  content  oC 
volatile  oils  quantitatively,  Cinnaraic  aldehyde  in  oil  of  cassia 
cinnamon,  and  citral  in  oil  of  lemongraaa,  can  both  be  determined 
very  satisfactorily  by  the  following  method,  whicli  is  based  on  the 
observation  that  when  either  oil  is  shaken  for  some  time  with  hot 
acid  sodium  sulphite  solution  the  decrease  in  volume  of  the  oil  cor- 
responds about  to  the  proportion  of  aldehyde  present.  For  this 
purpose  use  is  made  of  a  special  flask  of  about  100  Cc.  capacity 
■with  a  long,  narrow  neck  (13x8  Cm.),  which  is  graduated  into 
tenths  of  a  cubic  centimeter.  (See  Fig.  302.)  Exactly  10  Cc.  of  the 
oil  are  put  into  the  fiask  by  means  of  a  pipette,  and  a  like  volume 
of  a  warm  30  per  cent,  solution  of  acid  sodium  sulphite  is  added. 
The  flask  is  placed  in  a  boiling  water-bath,  and  more  of  the  acid 
sulphite  solution  is  gradually  added  until  a  uniform  fluid  is  obtained, 
filling  the  flask  nearly  three-fourths.  When  all  solid  particles,  at 
first  formed,  have  disappeared  and  the  characteristic  odor  of  the 
respective  aldehyde  is  no  longer  discemiblp,  the  flask  is  filled  with 
acid  sulphite  solution  up  to  the  zero  point  of  the  graduated  scale. 
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The  uncombined  oil  rises  in  the  neck  of  the  flask,  and  its  voIudk 
may  be  accurately  read  off  and  suotracted  from  10,  from  which  the 
volume  percentage  of  aldehyde  is  easily  calculated.  Oil  of  cassia, 
of  good  quality,  contains  from  70-90  per  cent,  of  its  characteristic 
aldehyde,  and  oil  of  lemongrass  from  60-85  per  cent  The  above 
method  cannot  be  employed  for  oils  containing  only  small  propor- 
tions of  aldehyde,  as  oil  of  lemon,  which  contains 
4-10  per  cent  of  citral. 

Determination  of  phenols :   Advantage  may 
be  taken  of  the  solubility  of  nearly  all  phenols 
in   solutions  of  caustic  alkali  to  determine  the 
amount  present  in  volatile  oils,  from  the  dimi- 
nution of  volume  which  the  oil  suffers  when  thu? 
treated.    It  is  the  official  method  of  assay  directed 
for  oil  of  cloves  and  oil  of  thyme.     As  a  small 
portion  of  the  non-phenolic  part  of  the  oil  is  apt 
to  be  lost  during  the  operation,  being  carried  into 
solution  along  with   the  phenol,  the  following 
process,  which  is  somewhat  tedious,  but  give? 
more  accurate  results,  may  be  used  ;  it  is  admira- 
bly adapted  for  the  determination  of  canacnJ 
and   thymol,  but  it  is   not  suited  for  eugenol: 
From  a  weighed  flask  of  oil  about  5  Cc.  arv 
poured  into  a  glass-stoppered  burette  gradnatwl 
to  -^  Cc.    By  again  weighing  the  flask  of  oil  tlie 
weight  of  the  sample  taken  is  found  by  differena*. 
Add  an  equal  volume  of  petroleum  ether  to  \he 
oil  in  the  burette  and  mix  well.     Now  add  some 
5  per  cent,  potassium    hydroxide  solution  and 
shake  vigorously  for  some  time ;  allow  the  liquid* 
to  separate  perfectly  and  allow  the  alkaline  solu- 
tion to  run  into  a  100  Cc.  graduated  flask.    This  treatment  with  albli 
is  re}>eated  several  times  until  no  further  decrease  in  the  volume  ol 
the  oil  is  observed  and  all  phenol  has  been  abstracted.    Tlie  goluii«»D 
of  phenols  is  then  made  up  to  100  Cc.  by  addition  of  5  per  cent, 
potassium  hydroxide  solution,  and  10  Cc.  of  this  dilution  put  into* 
600  Cc.  flask.    A  known  quantity  of  y^  iodine  solution  is  now  vM*^l 
by  which  thymol   is   precipitated   as   a   dark,  reddish-brown  o»ni- 
pound,  but  carvacrol  as  one  of  milky  appearance.    A  large  excess  ol 
iodine  is  not  desirable,  and  a  few  drops  of  the  liquid  put  into  a  luW 
containing  diluted  hydrochloric  acid  and  showing  an  iodine  color  indi- 
«ites  a  sufficiency.     In  the  case  of  thymol  the  solution  In  the  fla*k 
is  now  made  slightly  acid  with  dilute  hydrochloric  acid  and  dilnti^l 
to  500  Cc.  by  addition  of  water.     From  this  100  Cc.  are  filtered  off 
and  the  excess  of  iodine  titrated  with  -^  sodium  thiosulphate  solu- 
tion. 

The  number  of  Cc.  required  multiplied  by  5  and  deducted  fn>m 
the  number  of  Cc.  y^  iodine  solution  originally  added  to  the  alkaline 
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solution  gives  the  number  of  Cc.  of  iodine  solution  required  by  the 
phenol. 

The  reaction  involved  in  this  method  is  expressed  by  the  following 
equation  :  C,oH,,0  +  1,+  2NaOH  =  CioH^AO  +  2NaI  +  2H2O, 
from  which  it  is  seen  that  each  molecule  of  thymol  requires  4  atoms 
of  iodine  in  the  presence  of  sodium  hydroxide,  and  hence  each  Cc. 
of  y^  iodine  solution  used  in  the  reaction  with  thymol  or  carvacrol 
will  correspond  to  0.0037245  Gm.  of  the  phenol.  This  factor,  multi- 
plied by  the  number  of  Cc.  of  the  iodine  solution  used,  and  then  by 
100,  and  divided  by  the  weight  of  the  oil  originally  put  into  the 
burette,  will  express  the  percentage  of  phenol  in  the  oil. 

For  oils  containing  carvacrol  a  slight  modification  of  the  method 
is  necessary.  After  addition  of  the  iodine  solution  the  milky  liquid 
must  be  actively  shaken,  in  order  that  the  precipitate  may  become 
flocculent  and  the  solution  clear  or  nearly  so.  The  mixture  is  now 
diluted  to  500  Cc.  by  addition  of  water  and  100  Cc.  filtered  off. 
The  filtrate  is  slightly  acidulated  with  hydrochloric  acid  and  the 
excess  of  iodine  titrated  with  jj^  sodium  thiosulphate  solution.  The 
calculations  are  the  same  as  in  the  case  of  thymol. 

THE  OFFICIAL  VOLATILE  OILS. 

Oil  of  Anise. — ^The  chief  constituent  of  this  oil,  90  per  cent,  and 
over,  is  anethol,  CgH^CgH^OCHj,  which  solidifies  at  low  tempera- 
tures and  is  accompanied  by  an  isomeric  liquid  body  known  as 
methyl  cha  v  icol. 

Under  the  official  name,  both  the  oil  of  common  anise  and  that  of 
star  anise  are  recognized,  the  fruit  alone,  however,  being  designated 
as  the  source,  thus  excluding  oil  of  anise  leaves.  The  two  oils  differ 
but  slightly  in  chemical  and  physical  properties,  and,  commercially 
as  well  as  pharmaceutically,  distinction  between  the  two  is  rarely 
practised.  The  German  Pharmacopoeia  applies  the  Latin  title 
Oleum  Anisi  to  anethol,  the  chief  constituent  of  oil  of  anise,  and 
describes  it  as  a  white  crystalline  mass  melting  at  20°-21°  C. 
^68-69.8°  F.). 

Oil  of  anise  is  Isevogyrate,  deflecting  the  ray  of  polarized  light  2 
degrees  to  the  left  in  a  100  Mm.  tube  at  25°  C*  (77°  F.),  and  in  this 
way  may  be  distinguished  from  oil  of  fennel,  which  latter  likewise 
contains  considerable  anethol,  but  is  dextrogyrate  to  the  extent  of 
from   12  to  24  degrees.     The  Pharmacopoeia  requires  that,  when 
tested  by  the  following  method,  the  congealing-point  of  oil  of  anise 
shall  not  be  below  15°  C.  (59°  F.) :  Transfer  about  10  Cc.  of  the  oil 
to  a  test-tube,  placed  in  water  cooled  with  ice ;  insert  a  thermometer 
at  once  into  the  oil,  and  allow  it  to  remain  undisturbed  until  its  tem- 
perature has  fallen  to  about  6°  C.  (42.8°  F.).     Induce  crystallization 
either  by  scratching  the  inner  wall  of  the  test-tube  with  the  ther- 
moineter,  or  by  the  addition  of  a  particle  of  solid  anethol,  and  stir 
contiriuously  during  the  solidification  of  the  oil.     The  highest  tem- 


686  PHARMACEUTICAL  CHEMISTRY. 

perature  reached  during  the  crystallization  is  regarded  as  the  oon- 
gealing-point. 

Oil  of  Betola. — This  oil^  also  known  as  oil  of  sweet  birch,  consti- 
tutes probably  the  bulk  of  the  commercial  oil  of  wintergreen.    Inves- 
tigations made  by  Power  and  Kleber  (1896)  have  shown  that  oil  of 
sweet  birch,  in  its  unrectified  state^  contains  about  99.8  per  cent,  of 
methyl  salicylate,  together  with  a  very  small  amouut  of  a  paraffin 
triacontan,  CjpH^,  an  aldehyde  or  ketone,  and  the  ester,  CiiH^jO,; 
it  does  not,  however,  contain  the  alcohol  CgHjgO,  found  m  oil  of 
gaultheria.     It  does  not  exist  ready-formed  in  the  bark  of  the  tr(«, 
which  latter  is  devoid  of  odor,  but  is  the  result  of  a  reaction  between 
the  glucoside  gaultherin,  Ci4HigOg,  and  a  peculiar  ferment  in  the 
presence  of  water ;  maceration  of  the  crushed  bark  is  allowed  to  go 
on  for  twelve  houi*s  before  distillation  of  the  mixture  is  begun.   The 
hydrolysis  of  the  glucoside  may  be  represented  by  the  following 
equation :     0^,11,^0^  (gaultherin)  +    H,0  =  C«H,(OH)000CH, 
(methyl  salicylate)  +  CgHi^Og  (dextrose). 

Oil  of  betula,  when  carefully  rectified,  is  colorless,  but  the  com- 
mercial oil  frequently  has  a  reddish  color,  due  to  contact  with  metal. 
It  is  optically  inactive  and  in  this  respect  differs  slightly  from  true 
oil  of  wintergreen,  especially  when  the  latter  is  fresh.  The  specific 
gravity  of  oil  of  sweet  birch  is  identical  with  that  of  the  natural  oil 
of  wintergreen,  and,  like  the  latter,  the  oil  forms  a  clear  solution  with 
five  times  its  volume  of  70  per  cent,  alcohol  at  a  temperature  of 
20^-25°  C.  (68°-77^  F.). 

Empyreumatic  oil  of  birch,  known  commercially  as  olmm  ruKX 
and  also  as  oleum  betulinum  or  oleum  muscovitictimy  is  obtained  by 
distillation  of  birch  tar  or  daggett,  derived  by  destructive  distillation 
from  the  wood  of  the  common  European  birch,  betula  alba.  The 
oil  is  of  a  dark,  brown-red  color,  having  a  peculiar  penetrating  odor 
like  that  of  Russia  leather,  and  somewhat  resembles  oil  of  cade  in 
its  medicinal  properties. 

Oil  of  Bitter  Almond. — The  oil  to  which  this  name  is  applied 
need  not  necessarily  be  obtained  from  bitter  almonds^  the  Pharma- 
copoeia recognizing  also  the  volatile  oil  produced  from  other  seed? 
containing  the  glucoside  amygdalin,  provided  the  oil  conforms  to  the 
official  requirements  of  not  less  than  85  per  cent  of  benzaldebyde, 
and  not  less  than  2,  nor  more  than  4,  per  cent,  of  hydrocyanic  acitl. 
The  oil  does  not  pre-exist  in  the  seed,  but  is  produced  from  arayir- 
dalin  bv  fermentation  set  up  in  the  presence  of  water,  as  shown  bj 
the  equation  CaoHayNO^  (amygdalin)  +  2H,0  =  C^H^COH  (h&am 
aldehyde  or  benzaldebyde)  +  HON  (hydrocyanic  acid)  +  2QH,.0, 
(dextrose).  Previous  to  the  distillation  of  the  volatile  oil,  the  seed* 
must  be  deprived  of  their  fatty  oil  by  powerful  pressure  applied  to 
the  crushed  seed,  the  presscake  being  subsequently  ground  to  fine 
powder  and  mixed  with  6  or  8  parts  of  ¥rarm  water,  not  above  50^ 
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or  60°  C.  (122°-140°  F.),  and  allowed  to  stand  for  about  twelve 
hours,  so  that  the  reaction  may  be  completed,  after  which  the  oil 
formed  is  distilled  with  steam  by  passing  the  same  through  the 
mixture. 

Oil  of  bitter  almond  is  optically  inactive.  It  is  soluble  in  «%0 
parts  of  water  and  in  an  equal  volume  of  70  per  cent,  alcohol.  Its 
chief  constituent,  as  stated  above,  is  benzoic  aldehyde,  the  percentage 
present  being  determined  exactly  in  the  same  manner  as  directed  for 
the  oflScial  benzaldehyde,  see  page  699,  12  drops  of  the  oil  being 
used  for  each  assay.  In  the  official  assay  for  hydrocyanic  acid  con- 
tent, all  the  acid  present  is  precipitated  by  y^y  AgNO,  solution, 
potassium  chromate  being  used  as  indicator.  Each  Cc.  of  the  silver 
solution  corresponding  to  0.002684  Gm.  of  HCN,  not  less  than  7.45 
nor  more  than  15  Cc.  will  be  required  to  show  tliat  the  amount  of 
acid  is  within  the  limits  demanded  by  the  Pharmacopoeia,  provided 
1  Gm.  of  oil  be  used  for  the  assay. 

Considerable  synthetic  oil  of  bitter  almond  is  offered  for  sale, 
which  is  made  from  toluene,  and  is  recognized  in  the  Pharmacopoeia 
as   Benzaldehyde.      This  contains  no  hydrocyanic    acid,   but,   if 
imperfectly  purified,  may  contain  chlorinated  by-products,  and  hence 
the  Pharmacopoeia  gives  special  tests  to  indicate  their  absence  in  oil 
of  bitter  almond.     At  one  time  nitrobenzene  was  offered  as  artificial 
oil  of  bitter  almond,  on  account  of  its  resemblance  in  odor  to  the  true 
oil.     This  compound,  also  commercially  known  as  essence  or  oil  of 
mirban€y  may  be  detected  by  its  insolubility  in  diluted  alcohol.     Tlie 
presence  of  other  volatile  oils  may  be  ascertained  by  treatment  with 
acid   sodium  sulphite  solution,  whereby  an  addition  compound  of 
benzaldehyde  is  formed,  CjHgCOH.NaHSOj,  which  goes  into  solu- 
tion upon  application  of  heat,  and  may  thus  be  removed,  leaving 
other  oils  floating  on  the  surface. 

Exposed  to  the  air,  oil  of  bitter  almond  slowly  undergoes  oxida- 
tion,  especially  in  half-filled  bottles,  the  benzoic  aldehyde  being 
converted  into  benzoic  acid,  C5H5COOH.  Crystals  of  the  acid  are 
sometimes  seen  in  old  oil,  and  when  thus  contaminated  the  oil  should 
not  be  used. 

Oil  of  Oade. — This  oil,  obtained  by  destructive  distillation  of 
the  '\%''ood  of  the  prickly  cedar,  a  species  of  juniper  indigenous  to 
the  southern  part  of  France,  is  also  known  as  empyreumatio  oil  of 
juniper  J  and  consists  of  sesquiterpene,  cadinene,  Q^J^^  and  a  mix- 
ture of  undetermined  phenols. 

Oil  of  Oajuput. — The  constituents  are  a  neutral  body,  cineol 
or  eucalyptol,  C^jHigO  (about  67  per  cent.),  an  alcohol,  terpineol, 
C^^f^YjOlS^y  some  pinene  and  undetermined  terpenes. 

Although  the  chief  constituent  of  oil  of  cajuput  is  optically  in- 
active, the  oil  is  slightly  Isevogyrate,  to  the  extent  of  about  2  decrees, 
owing  to  the  invariable  presence  of  leevorotatory  pinene.     The  Phar- 
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macopceia  demands  the  absence  of  copper,  as  shown  by  the  test  vitb 
potassium  ferrocyanide,  and  demands  the  presence  of  not  less  than 
65  per  cent,  of  cineol,  to  be  determined  as  follows:  10  Cc.  of  the 
oil  dissolved  in  50  Cc.  of  purified  petroleum  benzin  are  poured  into 
a  beaker,  which  is  immersed  in  a  freezing  mixture;  phosphoric  acid 
is  then  adde<l,  drop  by  drop,  with  constant  stirring,  until  the  white 
mass  of  cineol  phosphate  formed  begins  to  assume  a  yellowish  or 
pinkish  tint ;  the  magma  is  then  transferred  to  a  force  filter,  wa^^heii 
with  cold  purified  petroleum  benzin,  and  dried  by  pressure  betvetn 
two  porous  plates.  The  precipitate,  cineol  phosphate,  is  transferreil 
to  a  narrow  graduated  cylinder,  warm  water  is  added,  and  the  oily 
liquid,  cineol,  which  separates  is  measured.  The  number  of  Cc.  olt 
cineol  thus  obtained,  when  multiplied  by  10,  will  represent  the  per- 
centage of  cineol  present  in  the  oil. 

Oil  of  Oaraway. — This  oil  is  composed  of  a  terpene,  limonenc, 
C,oHig,  and  a  ketone,  carvone,  CiqHi^O,  formerly  known  as  carvol ; 
both  compounds  are  dextrorotatory  and  are  present  in  proportioib 
varying  from  35  to  60  of  the  former  to  65  to  50  of  the  latter. 

Carvone  is  the  important  constituent  of  oil  of  caraway,  and  is  the 
substance  recognized  in  the  German  Pharmacopoeia  under  the  Latin 
title  Oleum  Carvi,  The  angle  of  rotation  of  the  oil  varies  fr^ni 
+  70^  to  +  80°,  and  since  it  is  +  62.5°  for  pure  carvone  and  +V2.V 
for  pure  limonene,  it  is  evident  that  the  rotatory  power  of  the  oil 
will  increase  with  a  diminished  carvone  content.  The  Pharmaco\>*yw 
does  not  give  a  method  of  assay  for  oil  of  caraway,  but  the  foUowini: 
method  of  Kremers  and  Schreiner  for  determination  of  the  can'»ne 
present,  by  conversion  into  carvoxime,  Ci^Hj^N.OH,  has  been  toumi 
satisfactory : 

To  a  solution  of  10  Gm.  of  oil,  dissolved  in  25  Cc.  of  alcolu'l.  •'» 
Gm.  of  hydroxylamine  hydrochloride  and  6.5  Gm,  of  sodium  bii:»r- 
bonate  are  added.     This  mixture  is  boiled  on  a  water-bath  forlia'.i 
an  hour  in  a  flask  connected  with  a  reflux  condenser,  25  Co.  c'l 
water  are  then  added,  and  the  alcohol  is  distilled  off  on  the  N^aier- 
bath.     Steam  is  then  passed  through  the  liquid  until  traces  of  car- 
voxime come  over.     The  last  portions  of  the  distillate  are  collKtt^l 
separately  in  test-tubes,  and  when  traces  of  crystals  of  can*oxinit 
appear  on  the  surface  the  operation  is  interrupted.     The  tube  of  tt  - 
condenser  is  washed  with  a  little  hot  water,  and  this,  as  well  as-  ti' 
last-collected  distillate,  containing  some  carvoxime,  is  returned  to  t:?* 
flask.     The  contents  of  the  flask  are  allowed  to  cool,  and  after  tl- 
carvoxime  has  completely  solidified,  it  is  removed  from  the  side?-  «•: 
the  flask  by  means  of  a  loop  of  stiff  wire,  thrown  upon  a  force  filt*:. 
washed,  and  dried  by  suction.     The  air-dried  car\'oxime  is  tran*- 
ferred  to  a  tared  glass  dish  and  heated  for  one  hour  on  a  water-lw^s  • 
and  when  cool  weighed.     To  the  weight  thus  obtained  0.100  <i" 
is  added,  as  this  is  about  the  quantity  lost  during  heating.     Fr^ 
the  weight  of  the  carvoxime  that  of  the  carvone  may  be  readily  ca:- 
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culated,  164.67  parts  of  the  former  corresponding  to  149.66  parts  of 
the  latter,  or  the  weight  of  earvoxime  obtained,  expressed  in  Gm., 
when  multiplied  by  0.9088,  gives  the  weight  of  the  equivalent 
amount  of  carvone. 

Oil  of  Ohenopodium. — This  oil,  also  known  as  oil  of  wormseed, 
has  been  found  to  contain  a  terpene,  most  likely  pinene,  and  an  oxi- 
dized body,  C,oH,gO,  not  as  yet  further  investigated.  It  should  be 
soluble  in  five  times  its  volume  of  70  per  cent,  alcohol,  the  Phar- 
macopoeia also  requiring  that  its  angle  of  rotation  shall  not  be 
greater  than  — 6  degrees  at  25°  C.  (77®  F^  in  a  100  Mm.  tube.  Nearly 
alt  oil  of  ohenopodium  is  distilled  in  Maryland  and  is  usually  mar- 
keted as  Baltimore  oil  of  wormseed. 

Oil  of  Oinnamon. — Ordinary  oil  of  Chinese  cinnamon,  usually 
designated  as  oil  of  cassiaj  is  the  kind  recognized  in  the  U.  S.  and 
Grerman  Pharmaoopceias,  whereas  the  British  Pharmacopoeia  recog- 
nizes the  oil  of  Ceylon  cinnamon.     It  consists  chiefly  of  cinnamio 
aldehyde,   CgH^COH,   with   some  cinnamyl  acetate,  CgHj^CgHgOj, 
and  small  amounts  of  cinnamic  acid,  C^HgOj,  or  CgHgCHCHCOOH. 
The  value  of  this  oil,  which  is  subject  to  adulteration,  depends  uj)on 
the  amount  of  cinnamic  aldehyde  present,  of  which  it  should  contain 
at  least  75  per  cent,  by  volume,  and  which  may  be  determined  with 
acid  sodium  sulphite,  as  explained  on   page   683.     The  chemical 
reactions  involved  in  the  official  assay  process  may  be  shown  by  the 
following  equations,  an  insoluble  aldehyde  addition-compound  being 
first  formed,  to  which  the  name  s<xlium  cinnamalhydroxysulphonate 
has  been  given  ;   this  when  boiled  with  water  breaks  up  into  cin- 
namic aldehyde  and  sodium  sulphocinnamalhvdroxysulphonate,  thus : 
C^H^COH  +  NaHSOj  =  C.H^COH.NaHSO, ;  2C«H7COH.NaHS03 
=  CgH^COH  -f  C6H5CH,CH(SO,Na).COH.NaHS03.     In  order  to 
convert  all  of  the  aldehyde  present  into  the  second  compound  soluble 
in  water,  an  excess  of  acid  sodium  sulphite  must  be  added. 

A  characteristic  reaction  of  oil  of  cinnamon  is  the  formation  of  a 
crystalline  compound  with  nitric  acid  when  equal  volumes  of  the  oil 
and  acid  are  mixed  at  0°  C.  (32°  F.) ;  the  product  is  an  addition- 
compound  of  cinnamic  aldehyde  and  nitric  acid,  C^H-COHIIXO,. 
Oil  of  Ceylon  cinnamon,  which  has  a  finer  aroma  than  the  official 
oil,  contains,  besides  cinnamic  aldehyde,  some  eugenol  and  phellan- 
drene. 

Oil  of  Cloves. — The  chief  constituent  of  this  oil  is  eugenol, 
C^Hs.C^Hj.OCHg.OH,  a  monatomic  phenol,  which  is  present  in 
prime  oil  to  the  extent  of  from  75  to  85  per  cent,  and  over ;  besides 
this,  the  oil  also  contains  a  sesquiterpene,  C,;,H2.„  called  caryophyllcne, 
and  about  2  or  3  per  cent,  of  eugenol  acetate.  The  reaction  with 
potasssiiim  hydroxide  or  ammonia,  mentioned  in  the  Pharmacopoeia, 
depends  upon  the  formation  of  potassium  or  ammonium  eugenol, 
C5H3C3H5OCH3OK  or  C6H3C3II5OCH3ONH,. 
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The  value  of  oil  of  cloves  lies  wholly  in  the  eugenol  present, 
of  which  the  Pharmacopoeia  requires  not  less  than  80  per  cent,  to  be 
present.  The  simplest  method  for  determining  the  eugenol-couteut  of 
oil  of  cloves  is  that  of  shaking  10  Cc.  of  the  oil  with  100  Co.  (»f 
oflScial  potassium  hydroxide  solution  for  five  minutes  in  a  suitably 
graduated  flask  (see  Fig.  302,  page  684) ;  then  allow  the  liquids  to 
separate^  adding  sufficient  alkali  solution  to  raise  the  lower  limit  of 
tlie  oily  layer  to  the  zero  point  of  the  graduated  scale,  and  note  the 
volume  of  oil  remaining,  which  substracted  from  10  indicates  ibe 
number  of  Cc.  of  eugenol  dissolved  by  the  alkali  solution,  and  mul- 
tiply the  remainder  by  10  to  find  the  percentage  of  phenol  in  the 
sample  of  oil.  This  method,  while  easily  applied,  is  not  absolutelj 
accurate,  as  already  explained  on  page  684,  but  should  alwavj?  l»e 
used  when  an  oil  appears  at  all  suspicious,  in  view  of  the  fact  that 
oil  of  cloves  is  sometimes  met  with  from  which  a  portion  of  the 
eugenol  has  been  abstracted.  A  more  accurate  determination  of 
eugenol  in  oil  of  cloves  is  to  convert  it  into  crystalline  benzi>vl 
eugenol,  CioHnOCgH^CO,  by  means  of  benzoyl  chloride,  and  t*^ 
calculate  from  the  weight  of  the  crystalline  compound  formed  the 
percentage  of  eugenol  in  the  oil.  The  method  is  given  in  the 
American  Journal  of  Pharmacy  for  1892,  page  508. 

Oil  of  Copaiba. — This  oil  consists  chiefly  of  a  sesquiterpeoe, 
Q^^a^j  identical  with  that  found  in  cloves  and  known  as  caryophvl- 
lene.  It  is  readily  oxidized  by  exposure  to  air  and  gradually  thickeiiN 
It  is  Isevogyrate,  the  angle  of  rotation  varying  from  —7  to  —35°. 

Oil  of  OoriBinder.— The  oil  consists  of  about  90  per  cent,  of 
linalool  and  about  6  per  cent,  of  pinene,  together  with  some  unknown 
substance,  to  which  the  peculiar  aroma  is  due.  It  is  soluble  in  .3 
volumes  of  70  per  cent,  alcohol  and  in  all  proportions  of  80  and  W 
per  cent,  alcohol.  Oil  of  coriander  is  dextrogyrate,  its  angle  of 
rotation  varying  from  7°  to  14°. 

Oil  of  Oubeb. — The  composition  of  this  oil  varies  somewhat  with 
age.  Recent  oil,  distilled  from  fresh  fruit,  consists  chiefly  of  a  ses^qui- 
terpene,  cadinene,  CijHj^,  with  some  dipentene,  C,„H,g,  but  if  old  ^'r 
obtained  from  old  fruit,  cubeb  camphor,  C^H^.HjO,  is  also  presenL 
The  oil  is  Isevogyrate,  the  angle  of  rotation  varying  from  — -J' 
to  —40°. 

Oil  of  Erigeron. — This  oil  is  better  known  as  oilof  fleabane,ana 
consists  chiefly  of  dextrorotatory  limonene,  C|oH,g,  t(^tlier  with  an 
undetermined  substance  readily  decomposed  by  heat.  Upon  ex|»<- 
sure  to  air  the  oil  rapidly  thickens  and  assumes  a  darker  a)lor.^  1  \^ 
presence  of  oil  of  fireweed  and  oil  of  turpentine  may  be  readily  lit- 
tected  by  not  yielding  a  clear  solution  with  an  equal  volume  of  H4 
per  cent,  of  alcohol.  Oil  of  erigeron  is  dextrogyrate,  the  angle  of 
rotation  being  about  50®. 
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Oil  of  Eiical]rptii8. — The  composition  of  this  oil  depends  largely 
on  its  source.  The  oils  of  Eucalyptus  globulus  and  Eucalyptus  oleosa 
consist  chiefly  of  cineol,  which  in  the  case  of  eucalyptus  oils  is  gen- 
erally called  eucalyptol  and  to  which  they  owe  their  medicinal  and  an- 
tiseptic value ;  the  former  oil  contains  also  some  pinene  and  a  ketone, 
C,oHigO,  called  eudesmol,  while  the  latter  oil,  in  place  of  eudesmol, 
contains  a  sesquiterpene  and  an  aldehyde,  CiqHu  COH,  known  as 
aromadendral  and  resembling  cumin  aldehyde  in  odor.  The  less 
valuable  oils  of  eucalyptus  contain  less  cineol,  but  pinene  and  vary- 
ing amounts  of  phellandrene.  The  test  for  the  presence  of  excess- 
ive quantities  of  phellandrene  in  oil  of  eucalyptus  depends  upon 
the  formation  of  crystalline  ph^landrene  nitrite  and  can  be  made 
more  delicate,  according  to  Power,  by  mixing  the  oil  first  with  5  Cc. 
of  petroleum  benzin,  then  adding  the  sodium  nitrite  solution  and 
lastly  the  glacial  acetic  acid,  drop  by  drop. 

The  Pharmacopoeia  demands  that  oil  of  eucalyptus  shall  contain 
not  less  than  50  per  cent,  of  cineol,  which  is  determined  by  conver- 
sion into  cineol  phosphate  exactly  as  stated  under  Oil  of  Cajuput. 
The  oil  is  somewhat  dextrogyrate,  but  the  angle  of  rotation  should 
not  be  greater  than  10°.  Cineol  being  inactive  optically,  the  greater 
the  cineol-content  the  lower  the  angle  of  rotation. 

Some  eucalyptus  oils  contain  also  citral,  QoHigO,  citronellal, 
Ci^HjgO,  and  geraniol,  CjoHiyOH. 

(Ml  of  Fennel. — This  oil  contains  the  terpenes,  pinene,  phellan- 
drene, and  dipentene,  together  with  fenchone,  C,oHigO,  and  anethol, 
CioHjgO ;  the  latter  is  usually  present  to  the  extent  of  more  than 
50  per  cent,  and  separates  in  crystals  upon  a  reduction  of  the  tem- 
perature, hence  the  higher  the  temperature  at  which  this  occurs  the 
better  the  oil.     The  Pharmacopoeia  nas  fixed  the  congealing-point  at 
not  below  5°  C.  (41  °  F.)  to  be  determined  as  follows :  Transfer  about 
10  Cc.  of  the  oil  to  a  test-tube  placed  in  a  freezing  mixture ;  insert 
a   thermometer  at  once  into  the  oil,  and  allow  it  to  remain  undis- 
turbed until  the  temperature  has  fallen  to  about  — 5°  C.  (23°  F.). 
Induce  crystallization  either  by  scratching  the  inner-wall  of  the  test- 
tube  \^'^ith  the  thermometer  or  by  the  addition  of  a  particle  of  solid 
anethol,   and  stir  continuously  during  the  solidification  of  the  oil. 
The  liighest  temperature  reached  during  the  crystallization  is  regarded 
as  the  congealing-point. 

Oil  of  fennel  is  dextrogyrate,  its  angle  of  rotation  varying  from 
12°  to  24°,  which,  together  with  the  higher  congealing-point  of  oil 
of  anise,  readily  distinguishes  the  two  oils  from  each  otlier. 

Oil  of  (Janltheria. — The  true  oil  contains,  according  to  Power 
and  Kleber,  1895,  about  99  per  cent,  of  methyl  salicylate  together 
with  a  small  amount  of  paraffin,  probably  triacontan,  Cj^Hej,  an 
aldehyde  or  ketone,  an  'apparently  secondary  alcohol,  CgHjfiO,  and 
an    ester,    C^J^zfiz,  formed  by  this  alcohol  and  an  acid,  CgHyjOj, 
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which  latter  is  the  result  of  oxidation  of  the  aldehyde  previouslr 
mentioned.  The  alcohol  and  the  ester  are  said  to  possess  the  venr 
penetrating  odor  characteristic  of  true  oil  of  gaultheria.  Altbougb 
some  of  the  oil  is  no  doubt  formed  in  the  leaves,  by  far  the  Lniger 
portion  obtained  by  distillation  is  the  result  of  the  hydrolysis  of  tie 
glucoside  gaultherin,  as  already  explained  under  Oil  of  Betula  on 
page  686,  thus  resembling  oil  of  sweet  birch  very  closely  in  oomp 
sition.  It  has  a  specific  gravity  of  from  1.180  to  1.187  at  loH^. 
(59°  F.),  and  yields  a  clear  solution  when  mixed  with  five  times 
its  volume  of  70  per  cent,  alcohol  at  a  temperature  of  from  20^  to 
25°  C.  (68°-77°  F.).  Neither  oil  of  gaultheria  nor  oil  of  ^e^t 
birch  contains  any  trace  of  benzoic  acid  or  its  esters,  nor  does  either 
oil  contain  any  terpene  or  sesquiterpene,  as  was  at  one  time  supposed. 
There  is  little  doubt  that  commercially  the  oils  of  betula  and  of 
gaultheria  are  considered  identical  and  sold  indiscriminately  under 
the  name  oil  of  wintergreen. 

Oil  of  Hedeoma. — According  to  Kremers,  this  oil  contains  pvvle- 
gone,  CjoHigO,  and  two  ketones  of  the  composition  C^JHjA  whit^h 
are  looked  upon  as  reduction-products  of  the  former  body.  Formic 
and  acetic  acids  are  also  present.  It  forms  a  clear  solution  with  2 
volumes  of  70  per  cent,  alcohol,  by  which  test  the  presence  of  oil  v( 
turpentine  and  rectified  petroleum  may  be  quickly  detected.  Com- 
mercially this  oil  is  known  as  oil  of  pennyroyal. 

Oil  of  Juniper. — The  chief  constituent  is  pinene,  with  some  cadi- 
nene,  C15H24,  and  a  body,  as  yet  undetermined,  to  which  the  pec\uv.j 
odor  and  taste  of  the  oil  are  due.  The  oil  obtained  from  the  fruit 
only  should  be  used  in  pharmacy. 

Oil  of  Lavender  Flowers. — Two  varieties  of  this  oil,  Engl^i 
and  French,  are  found  on  the  market,  the  former  being  usually  ik^i^- 
nated  as  oil  of  garden  lavender,  because  distilled  from  cultivatt-'i 

1)lants.  English  oil  of  lavender  contains  about  6-10  per  cent.  t.\ 
inalyl  acetate,  C^JI^jCM/^zy  and  some  free  linalool ;  also  conH<i»r- 
able  cineol.  The  French  oil  contains  from  30-40  per  ctnt.  "* 
linalyl  acetate,  free  linalool  and  geraniol,  besides  small  amount*  ••! 
pinene  and  traces  of  cineol.  Both  oils  are  laevogyrate,  the  angW  *  t 
rotation  not  exceeding  — 10°,  and  form  clear  solutions  with  3  jian- 
of  70  per  cent,  alcohol. 

The  percentage  of  ester,  linalyl  acetate,  present  in  any  sampl^'* 
oil  of  lavender  may  be  determined  by  the  general  method  of  sap  "- 
fication  with  alcoholic  solution  of  potassium  hydroxide,  as  explain- " 
on  page  682. 

Oil  of  Lemon. — Quantitatively,  the  chief  constituent  of  oil 
lemon  is  dextrorotatory  limonene,  but  an  aldehyde  known  as  ciir^ 
Cc,H,.^COH,  is  of  much  greater  imjwrtance,- although  rarely  pr»-^; 
to  the  extent  of  more  than  6  or  8  per  cent.     Other  constituents- 
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the  oil  are  pinene,  phellandrene,  citronellal,  geranyl  acetate,  etc.  The 
most  dangerous  auulteration  of  oil  of  lemon  is  perhaps  oil  of  lemon 
previously  deprived  of  its  aldehyde,  and  hence  an  assay  of  the  citral 
<x>ntent  should  be  made  whenever  suspicion  is  aroused  in  connection 
with  any  sample  of  the  oil.  The  Pharmacopoeia  demands  the  pres- 
ence of  not  less  than  4  per  cent,  of  citral,  to  be  determined  in  a 
manner  practically  identical  with  the  assay  of  benzaldehyde  in  oil 
of  bitter  almond,  which  see  under  Benzaldehyde,  on  page  699. 

The  sodium  sulphite  solution   used  in  the  official  test  shows  an 
alkaline  reaction  toward  phenolphthalein,  whereas  acid  sodium  sul- 
phite, formed  after  addition  of  a  little  hydrochloric  acid,  shows  a 
neutral  reaction.     When  the  acid  sodium  sulphite  thus  formed  has 
reacted  with  the  aldehyde  citral  producing  the  sparingly   soluble 
addition-compound,  C9H15.CH   (OH)  SOjNa,  alkaline  reaction   is 
again  observed,  which  is  overcome  by  the  further  addition  of  hydro- 
chloric acid  until,  finally,  when  all  the  citral  has  been  taken  up,  a  neu- 
tral reaction  will  remain.     In  the  presence  of  an  excess  of  acid  so- 
dium sulphite,  the  sparingly  soluble   compound  above  mentioned 
is  converted   into  a  soluble   compound,   Cj,Hi7.(S03Na)2.CJOH,  to 
which  the  name  sodium  citraldihydrosulphonate  has   been  given. 
In  order  to  produce  the  soluble  compound,  2  molecules  of  acid 
sodium  sulphite  are  required  for  each  1  of  citral,  which  in  turn  re- 
<iuire  2  molecules  of  hydrochloric  acid  for  their  formation  from  the 
normal  sodium  sulphite  used.     150.98  Gm.  of  citral  will  therefore 
require  72.36  Gm.  of  absolute  hydrochloric  acid,  as  shown  by  the 
following  equation  :    2Na2S03  +  2HC1  +  CgHi^COH  =  CgHj^.- 
(S03Xa)2.COH  +  2NaCl ;    hence,  as   72.36  Gm.  of  hydrochloric 
acid  are  contained  in  4000  Cc.  of  the  f  acid,  each  Cc,  containing 
0.01809  Gm.  of  HCl,  will  correspond  to  0.037745  Gm.  of  citral. 

Oil  of  Mustard,  Volatile. — Like  oil  of  bitter  almond,  this  oil 
<loes  not  pre-exist  in  the  plant ;  it  is  obtained  by  macerating  crushed 
black  mustard  seed,  after  the  removal  of  fixed  oil  by  expression, 
with  water,  when  a  reaction  sets  in  between  sinigrin,  a  glucoside, 
and  myrosin,  an  albuminoid  body.    Sinigrin  is,  chemically,  potassium 
myronate,  CioHigNSjKOio,  which,  under  the  influence  of  the  albu- 
minoid ferment,  is  split  up  into  allyl  isosulphocyanate,  acid  potassium 
siilphat^y  and  dextrose,  thus :  C|oHi8NS2KO,o  =  CsHgNCS  (volatile 
oil  of  mustard)  +  KHSO4  +  CgH^jOg.     Since  the  albuminoid  myro- 
sin is  rendered  inert  at  a  temperature  between  60°  and  70°  C.  (140° 
and   168®  F.),  mustard  which  has  been  heated  to  this  point  will  not 
yield  the  volatile  oil,  nor  can  hot  water  be  employed  in  its  manufac- 
ture ;  for  the  same  reason,  mustard  plasters  should  never  be  dipped 
into  water  that  is  more  than  lukewarm. 

Volatile  oil  of  mustard  always  contains  traces  of  carbon  disul- 
phide.  It  has  been  prepared  synthetically  by  decomposing  allyl 
iodide,  C3H5I,  by  means  of  potassium  sulphocyanate  in  alcoholic 
solution* 
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White  mustard  seed  does  not  yield  volatile  oil  of  mustard,  since 
it  does  not  contain  sinigrin,  but,  instead^  sinalbiu,  having  the  com- 
position C^H^^^Oi^.  When  sinalbin  reacts  with  myrosia  in  the 
presence  of  water,  a  very  active,  oily  but  non-volatile  principle,  to 
which  the  name  acrinyl  sulphocyanate,  CyHyO.CSN,  has  been  given, 
is  formed,  together  with  acid  sinapine  sulphate,  (C,5HjjNO5)H3!S0^ 
and  glucose,  C^HjjOg. 

The  official  method  of  valuation  depends  upon  the  formation  of 
thiosinamine  by  the  action  of  ammonia  on  aliyl  isosulphoc^'anate, 
thus,  CsH^NCS  +  NH,  =  C3H5CSN2H3  ;  this  is  acted  upon'bytbe 
silver  nitrate,  or  rather  silver  in  the  form  of  oxide  held  in  solution 
by  the  ammonia,  whereby  the  sulphur  is  removed  and  a  new  com- 
pound, allylcyanamide,  CN.NH.C3H5,  is  produced.  As  each  mole- 
cule of  thiosinamine,  representing  1  molecule  or  98.4  parts  of  allyl 
isosulphocyanate,  requires  2  molecules  or  337.38  parts  of  silver 
nitrate  for  complete  removal  of  the  sulphur  present,  each  Cc.  of  tLe 
silver  solution  containing  0.016869  Gm.  of  silver  nitrate  corre- 
sponds to  0.00492  Gm.  of  allyl  isosulphocyanate ;  the  excels  of 
silver  solution  is  determined  by  titration  with  potassium  sulpho- 
cyanate solution.  In  the  official  test  only  0.1  Gm.  of  oil  of  mujitani 
is  used  for  the  assay,  and  the  excess  of  silver  nitrate  solution  deter- 
mined in  one-half  of  the  filtrate,  representing  0.05  Gm.  of  oil ;  bence 
to  indicate  92  per  cent,  of  allyl  isasulphocyanate,  as  demandei  by 
the  PharmacoiKeia,  should  require  not  more  than  5.6  Cc.  of  ^  potas- 
sium sulphocyanate  solution,  showing  that  9.4  Cc.  of  the  silver  ?<»lu- 
tion  have  been  used  up  by  0.05  Gm.  of  the  oil,  for  92  per  cent,  vf 
0.05  =  0.046  aud  0.046  -^-  0.00492  =  9.35. 

Oil  of  Nutmeg. — The  Pharmacopoeia  recognizes  only  the  vola- 
tile oil  obtained  from  the  seed  of  nutmeg  as  oil  of  myristica,  wherea* 
in  Germany  the  oil  distilled  from  mace,  the  arillus  of  the  nutm^,  i* 
officially  named  as  ethereal  oil  of  nutm^.  The  two  oils  reserol^W 
each  other  closely  in  physical  properties  and  chemical  oompositi'^., 
although  the  oil  obtained  from  the  seed  contains  a  larger  proporti*>iv 
of  terpenes  than  oil  of  mace,  and  is  more  decidcHlly  dextrogyrait. 
its  angle  of  rotation  ranging  from  14°  to  28°.  The  chemical  nr- 
stituents  of  both  oils  are  pinene,  dipentene,  myristiool  C„JIi,^^ 
myristicin  CijH^iOj,  and  some  myristinic  acid. 

The  expressed  or  fatty  oil  of  nutmeg,  containing  about  6  j*' 
cent,  of  volatile  oil,  is  recognized  in  the  German  Pharmacopopia  a? 
Oleum  NucistfiB,  although  the  official  German  title  is  oil  of  natmt^. 
It  is  better  known  as  nutmeg  butter. 

Oil  of  Orange  Peel. — The  official  oil  of  orange  is  that  obtaiirJ 
by  expression  only  from  the  rind  of  the  sweet  orange,  since  some  •' 
the  constituents  upon  which  the  odor  of  the  oil  depends  are  destnjy'^, 
in  part  by  distillation.  Oil  of  orange  contains  about  90  per  cent,  -t 
dextrorotatory  limonene,  together  with   the  aldehydes   citial  ac*^ 
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citronellaly  and  some  methyl  anthranilate,  CHjC^H^NOj.  It  is 
strongly  dextrogyrate,  not  less  than  95°  in  a  100  Mm.  tube  at  25°C, 
(77°  F.).  The  presence  of  oil  of  turpentine  may  be  detected,  as 
recommended  by  the  Pharmacopoeia,  by  the  formation  of  nitroso- 

Einene  and  pinene  nitrosochloride  in  that  fraction  of  the  oil  distilling 
elow  170°  C.  (338°  F.). 
Oil  of  orange,  like  oil  of  lemon,  when  carelessly  exposed  to  air 
and  light,  gradually  assumes  a  terebinthinate  odor,  which  can  be 
prevented  by  addition  of  5  or  10  per  cent,  of  pure  alcohol. 

Oil  of  bitter  orange,  also  offered  for  sale,  closely  resembles  that 
obtained  from  the  sweet  orange,  but  is  not  officially  recognized. 

Oil  of  Peppermint. — There  is  probably  no  volatile  oil  used  in 
pharmacy  of  which  a  greater  variety  is  offered  for  sale;  besides 
five  or  six  different  brands  of  American  oil,  oils  distilled  from  Eng- 

[Hsh,  Grerman,  and  Japanese  peppermint  herb  are  also  on  the  market. 

^il  of  peppermint  shows  a  greater  complexity  in  composition  than  any 
other  volatile  oil  known,  an  analysis  in  1 894  by  Power  and  Kleber  of 
the  average  American  oil  having  developed  the  following  constituents, 
fifteen  in  number:  Acetaldehyde,  CjH^O;  acetic  acid,  HCjHjO,; 
iso-valeraldehyde,  CjHiqO  ;  iso- valeric  acid,  HC5H10O, ;  three  iso- 
meric terpenes,  pinene,  phellandrene,  and  limonene,  C,oHig ;  cineol 
or  eucalyptol,  C,oH,80  ;  menthone — a  ketone — CioH|f,0 ;  menthol, 
C,qH,,OH  ;  two  compound  ethers,  menthyl  acetate,  CjoHigCjIIjOj, 
and  menthyl  iso-valerate,  CioHjjCgHioOa ;  a  sesquiterpene,  cadinene, 
C15H24 ;  and  a  lactone  of  the  composition  CioHigOj. 

The  most  important  constituent  is  menthol.  The  Pharmacopoeia 
requires  that  oil  of  peppermint  shall  contain  not  less  than  6  per 
cent,  of  esters,  calculated  as  menthyl  acetate,  and  not  less  than  50 

Eer  cent,  of  total  menthol  (free  and  combined),  both  of  which  may 
e  determined  according  to  the  general  directions  given  for  the  esti- 
mation of  alcohols  and  esters  on  pages  682  and  683.  As  1  molecule 
or  196.68  parts  of  menthyl  acetate  requires  1  molecule  of  potassium 
hydroxide,  as  shown  by  the  equation  CioHj^CgHjOj  -f  KOH  = 
CjoHijOH  +  KC2H3O2,  for  complete  saponification,  each  Cc.  of  y 
alcoholic  KOH  solution,  containing  0.02787  Gm.  of  KOH,  corre- 
sponds to  0.09834  Gm.  of  menthyl  acetate ;  hence  in  the  official 
test  the  number  of  Cc.  required  must  be  multiplied  by  9.834 
(0.09834  X  100)  and  the  product  divided  by  the  weight  of  oil  taken, 
to  obtain  the  percentage  of  esters  present. 

In  the  official  test,  after  determination  of  the  ester-content,  the 
residual  oil  now  containing  all  the  menthol  originally  present  in  the 
oil  of  peppermint  both  in  the  free  and  combined  state  (since  the 
latter  was  saponified  by  the  treatment  with  alkali),  is  treated  with 
acetic  anhydride  and  in  the  acetylized  oil  thus  obtained  the  deterr 
mination  of  total  menthol  is  made,  after  thorough  dehydration  with. 
calcium  chloride.  From  the  equation  given  above  to  show  the 
saponification  of  the  ester,  it  follows  that  1000  Cc.  of  the  y  KOH 
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solution  represent  21  (actually  20.85)  Gm.  of  acetyl  radical  in 
combination  with  the  menthol;  this  weight  is  found  by  subtract- 
ing from  the  molecular  weight  of  acetyl,  42.70,  the  atomic  weight 
of  hydrogen  replaced  in  menthol  by  the  radical  during  acetyli- 
ziition  and  restored  by  saponification  of  the  ester,  and  then  divi- 
ding the  remainder  by  2,  as  only  |  alkali  solution  is  used,  thus: 
42.70—1=41.70  and  41.70-^2  =  20.85.  Hence  the  weight  of 
non-acetylized  oil  (i.  e.,  the  original  oil)  on  which  the  percentage 
of  menthol  is  to  be  based  is  the  diflTerence  between  the  weight  of 
acetylized  oil  taken  for  the  determination  and  the  weight  of  the 
acetyl  radical  equivalent  to  the  number  of  Cc.  of  I  alkali  solution 
required  for  saponification,  namely  0.021  Gm.  multiplied  by  the 
number  of  Cc.  of  ^  alkali  solution  used.  Having  thus  ascertained 
the  weight  of  the  original  oil  equivalent  to  the  weight  taken  of 
acetylized  oil,  the  percentage  of  total  menthol  can  easily  be  found 
by  multiplying  the  number  of  Cc.  of  -y  alcoholic  KOH  solution 
required  by  7.749  (0.07749,  the  quantity  of  menthol  represented  by 
1  Cc,  X  100)  and  dividing  the  resulting  product  by  the  weight  of 
original  oil. 

Japanese  oil  of  peppenuint,  although  rich  in  menthol  (sometimes 
containing  79  per  cent.),  is  not  used  medicinally,  on  account  of  its 
peculiar  bitter  and  disagreeable  taste. 

Oil  of  peppermint  diflfers  from  other  oils  in  the  variety  of  its 
color-reaction  with  acids,  as  mentioned  in  the  Phannaoopoeia. 

Oil  of  Fimenta  or  Oil  of  Allspice  closely  resembles  oil  of  cloves 
in  its  constitution,  but  has  a  lower  specific  gravity.  It  contains 
eugenol,  C6H3C3H5.OCH3OH,  and  a  sesquiterpene,  Ci^Hj. ;  but  little 
or  nothing  is  known  regarding  other  constituents  that  give  to  the 
oil  its  peculiar  odor.  The  official  requirement  is  for  not  less  than 
65  per  cent,  of  eugenol,  which  is  to  be  determined  exactly  as  directal 
for  the  assay  of  oil  of  cloves. 

Oil  of  Rose. — ^This  oil  "shows  a  marked  difference  in  constitution 
from  other  volatile  oils,  in  that  the  solid  crystallizable  portion  con- 
sists solely  of  a  mixture  of  odorless  hydrocarbons,  one  of  which  has 
the  composition  CjqH^,.  The  liquid  portion  of  the  oil,  upon  which 
its  fragrance  depends,  is  a  mixture  of  geraniol,  linalool,  citronellal, 
citral  and  phenylethyl  alcohol.  It  has  been  found  adulterated  with 
the  oils  of  geranium  and  palmarosa,  guaiac-wood  oil  and  spermaorti ; 
the  latter  may  be  detected  by  the  congealing-point  and  saponification 
value.  The  congealing-point  should  lie  between  18°  and  22°  C 
(64.4^-71.6°  F.)  and  in  the  case  of  oil  of  rose  is  that  point  at  which 
the  first  crystals  separate  when  the  oil  is  slowly  cooled.  The  Phar- 
macopoeia also  requires  determination  of  the  saponification  value  of 
oil  of  rose,  which  should  be  not  less  than  10  nor  more  than  17 — that 
IS,  1  Gm.  of  oil  should  require  not  less  than  0.010,  nor  more  than 
0.017,  Gm.  of  potassium  hydroxide  when  tested  as  officially  directed 
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Oil  of  Rosemary. — The  constituents  of  this  oil  are  pinene,  cineol, 
borneol,  camphor  and  bornyl  acetate,  CioHiyCjHjOj.  Several  com- 
mercial varieties  of  the  oil  are  known,  as  English,  French,  Italian 
and  Spanish,  the  Eperl6  brand  being  considered  the  finest  in  this 
country.  Oil  of  rosemary  is  dextrogyrate ;  it  is  soluble  in  J  its 
volume  or  more  of  90  per  cent,  alcohol,  also  in  10  volumes  of  80 
per  cent,  alcohol. 

The  Pharmacopoeia  requires  that  oil  of  rosemary  shall  contain 
not  less  than  2.5  per  cent,  of  enters  calculated  as  bornyl  acetate  and 
not  less  than  10  per  cent,  of  total  borneol,  both  determinations  are 
made  as  directed  for  the  determination  of  menthyl  acetate  and  total 
menthol  in  oil  of  peppermint,  except  that  different  multiplication 
factors  must  be  used,  because  the  molecular  weights  of  borneol  and 
bornyl  acetate  are  not  identical  with  those  of  menthol  and  menthyl 
acetate,  being  152.98  and  194.68  respectively.  Each  Cc.  of  |  alco- 
holic KOH  solution  corresponds  therefore  to  0.07149  Gm.  of  borneol 
or  0.09734  Gm.  of  bornyl  acetate. 

Oil  of  Santal. — The  official  or  East  Indian  oil  of  sandalwood  is 
said  to  consist  chiefly  of  alcohols,  to  which  the  name  santalol  and 
the  formula  CisHjjOH  have  been  applied.  The  oil  is  said  also  to 
contain  an  aldehyde,  called  santalal,  0,5X1240,  and  a  sesquiterpene. 
It  is  laevogyrate,  its  angle  of  rotation  should  be  not  less  than  — 16° 
nor  more  than  —20°  in  a  100  Mm.  tube  at  25°  0.  (77°  F.),  while 
inferior  oils  produced  in  Australia  and  the  West  Indies  are  all  dex- 
trorotatory. 

Oil  of  santal  may  be  adulterated  with  cedarwood  oil,  guijun 
balsam  oil,  oil  of  copaiba  and  fatty  oils,  which  can  be  detected  by 
decreased  solubility  in  70  per  cent,  alcohol,  the  pure  oil  being  soluble 
in  5  volumes  of  that  liquid. 

The  Pharmacopoeia  requires  the  presence  of  not  less  than  90  per 
<jeiit.  of  alcohols,  calculated  as  santalol,  and  the  determination  may 
be  made  according  to  the  general  method  given  on  page  682 ;  as  in 
the  case  of  the  oils  of  peppermint  and  rosemary,  the  weight  of  acet- 
yl ized  oil  used  must  be  reduced  to  the  basis  of  non-acetylized  oil 
(see  under  Oil  of  Peppermint,  page  696).  The  molecular  weight  of 
santalol  being  220.53,  each  Cc.  of  |  alcoholic  KOH  solution  used 
corresponds  to  0.11026  Gm.  of  santalol  and  to  0.13116  Gm.  of  san- 
talyl  acetate,  and  to  ascertain  the  percentage  of  santalol  present,  the 
number  of  Cc.  of  the  alkali  solution  required  must  be  multiplied  bv 
11.026  (0.11026X100)  and  divided  by  the  weight  of  acetylized 
oil  taken  less  the  number  of  Cc.  of  the  KOH  solution  multiplied  by 
0.021. 

Oil  of  Sassafras. — The  chief  constituent  of  oil  of  sassafras  is 
safroly  C,oH,oOj,  about  80  per  cent.,  with  a  very  small  amount  of 
eu^noly  about  10  per  cent,  of  terpenes,  pinene,  and  phellandrene, 
and  about  7  per  cent,  of  camphor. 
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Safrol,  at  ordinary  temperatures,  is  a  colorless  liquid  of  1.108 
specific  gravity  at  15°  C.  (59°  F.);  it  is  also  found  in  Japanese 
camphor  oil,  from  which  it  is  now  largely  obtained.  Sassafras  oil  is 
frequently  adulterated  with  camphor  oil.  A  perfectly  pure  article 
appears  to  be  of  rare  occurrence.  Inasmuch  as  camphor  oil  con- 
tains all  of  the  constituents  found  in  sassafras  oil,  the  detection  of 
the  former  is  exceedingly  difficult,  but  its  presence  may  be  indicated 
by  strong  variations  in  the  specific  gravity  and  other  physical  prop- 
erties. Under  the  name  of  artificial  sassafras  oil,  fractions  of  cam- 
phor oil  having  a  specific  gravity  similar  to  that  of  true  sassafras  oil 
are  sold. 

Oil  of  Savin. — This  oil  was  formerly  supposed  to  consist  only 
of  hydrocarbons,  but  is  now  known  to  be  chiefly  composed  of  an 
alcohol,  sabinol,  CioHj^OH,  10  per  cent,  and  its  ester,  sabinol  ace- 
tate, C10H15C2H3O2,  40-44  per  cent.,  together  with  cadinene,  and 
possibly  cuminic  aldehyde.  The  commercial  oil  is  lai^ely  adulter- 
ated, comparatively  little  of  the  pure  oil  being  ofl*ered  for  sale;  not 
more  than  25  per  cent,  should  distil  below  200°  C.  (892°  F.). 


Oil  of  Speannixit. — In  composition  oil  of  spearmint  differs  radi- 
cally from  oil  of  peppermint,  containing  laevorotatory  limonene  and 
laevorotatory  carvone,  Ci^Hi^O,  with  possibly  some  Ittvorotaturr 
piuene. 

Oil  of  Tar. — This  oil,  formed  during  the  dry  distillation  of 
wood,  IS  obtained  from  pine  tar  by  fractional  distillation.  It  i?  » 
complex  mixture  of  hydrocarbons,  acetic  and  other  acids,  and  unde- 
termined empyreumatic  products. 

Oil  of  Th]rme. — The  most  important  constituent  of  this  oil  is 
thymol,  C,oH,P,  or  C6H3CH3C3H7OH,  a  monatomic  phenol ;  tW 
hydrocarbon  cymene,  C,oH,4,  is  also  present,  as  well  as  verj'  small 
quantities  of  pinene.  The  phenol-content  of  the  oil  varies,  as  a  ruW. 
between  20  and  25  per  cent.,  occasionally,  but  rarely,  rising  to  ^^ 
per  cent.  French,  likewise  German,  oil  of  thyme  contains  chiefly 
thymol,  although  sometimes  its  isomer  car\-acrol  is  also  present  The 
Spanish  oil  contains  carvacrol  and  the  phenol-content  rises  as  high 
as  50-70  per  cent,  at  times.  Oil  of  thyme  is  frequently  adulterated 
with  oil  of  turpentine. 

The  Pharmacopoeia  requires  the  presence  of  not  less  than  10  Ff 
cent,  of  phenols,  which  may  be  determined  as  directed  under  Oil  (»t 
Cloves ;  more  accurate  results  will,  however,  be  obtained  by  the 
iodine  method  given  on  page  684. 

In  order  to  determine  whether  the  oil  contains  thtmol  or  carvt- 
crol,  the  alkaline  solution  of  phenylate  is  separated  from  the  oil. 
transferred  to  a  separating  funnel,  and  acidulated  with  sulphoric 
acid.     After  the  phenol  has  completely  separated,  the  aqueous  si>ln- 
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tion  is  run  off  and  the  oil  set  aside  in  a  capsule  in  a  oool  place.  If 
the  oil  consists  of  thymol,  it  solidifies  upon  standing,  or  crystalliza- 
tion may  be  induced  by  addine  a  fragment  of  a  thymol  crystal.  If 
it  consists  of  carvacrol  the  oil  remains  liquid.  If  both  phenols  are 
present  it  crystallizes  partially. 

Oil  of  Turpentine. — The  official  oil,  derived  from  American 
turpentine,  consists  almost  wholly  of  dextrorotatory  pinene,  which, 
in  the  crude  oil,  is  associated  with  rosin  and  other  oxidation-products, 
depending  upon  age  and  exposure.  These  impurities,  being  remov-* 
able  by  treatment  with  soaium  hydroxide  solution  and  subsequent 
distillation,  are  therefore  not  present  in  the  official  rectified  oil,  which 
alone  should  be  employed  for  internal  use. 

Allied  and  Derivatiye  Prodncts. — The  PharmacoixBia  recog*> 
nizes  several  compounds  which,  being  allied  to  or  directly  obtained 
from  volatile  oils,  should  be  considered  at  this  point. 

Benzaldehyde,  OjRfi  or  O^^HbOOH.— This,  the  chief  constit- 
nent  of  the  volatile  oil  of  bitter  almond,  and  known  also  as  artificial 
or  synthetic  oil  of  bitter  almond,  is  now  separately  recognized.  It 
differs  from  the  natural  oil  of  bitter  almond  mainly  in  the  absence 
of  all  hydrocyanic  acid. 

It  may  be  obtained  from  the  volatile  oil  of  bitter  almond,  peach, 

apricot,  and  other  seeds  by  shaking  the  oil  with  2  or  3  times  its 

weight  of  a  concentrated  solution  of  acid  sodium  sulphite,  whereby 

crystalline  sodium  benzalhydroxysulphonate  is  formed.     The  latter 

compound  is  washed  with  cold  alcohol  and   treated  with  a  strong 

solution  of  sodium  carbonate,  which  causes  the  regeneration  of  benz- 

aldehyde,   and   this   is   then    rectified    by   distillation   with   steam. 

Synthetically,  benzaldehyde  is  prepared  either  from  benzyl  chloride, 

CgHjCHjCl,  or  benzylene  dichloride,    C^HgCHClj,  both  of  which 

may  be  obtained  by  treatment  of  boiling  toluene  with  chlorine  gas. 

In  the  case  of  benzyl   chloride,  this  compound  is  heated  with  either 

lead  or  barium  nitrate,  while  a  stream  of  carbon  dioxide  is  passed 

through  the  mixture ;  the  resulting  benzyl  nitrate  decom|)ose8  with 

the  formation  of  benzaldehyde  and  oxides  of  nitrogen.     In  the  case 

of  benzylene  dichloride,  this  may  be  heated  with  water  to  150°  or 

16C  C.  (302°  or  320°  F.),  when  benzaldehyde  and  hydrochloric 

acid  are  formed.     In  both  cases  the  benzaldehyde  produced  is  further 

purified  by  treatment  with  acid  sodium  sulphite,  as  stated  above. 

Like  oil  of  bitter  almond  benzaldehyde  is  soluble  in  300  parts 
of  water,  and  when  exposed  to  air  readily  oxidizes  to  benzoic  acid. 
It  is,  however,  not  poisonous  like  the  natural  oil. 

The  Pharmacopoeia  requires  that  official  benzaldehyde  shall  con- 
tain not  less  than  85  per  cent,  of  true  QHjCOH,  which  is  directed 
to  be  determined  as  follows:  Carefully  weigh  10  Cc.  of  purified  ker- 
osene into  a  tared  150  Cc.  flask,  add  12  drops  of  benzaldehyde,  and 
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note  the  weight  of  the  latter ;  add  20  Cc.  of  distilled  water  with 
6  drops  of  phenolphthalein  test-solution   and  neutralize  the  liquid 
exactly  with  sodium  hydroxide  solution.     Now  add  from  a  burette 
gradually  a  20  per  cent,  sodium  sulphite  solution,  alternating  with 
^  hydrochloric  acid  from  a  second  burette,  until  10  Cc.  of  the  sul- 
phite solution  have  been  added,  and  enough  acid  to  maintain  a  neu- 
tral reaction ;  after  adding  a  little  more  phenolphthalein  eolation 
and  agitating  the  flask  frequently,  set  it  aside  for  two  hours  and 
then  note  the  quantity  of  ^  acid  used.     At  the  same  time  cany  out 
a  blank  test,  identical  with  the  foregoing,  except  that  the  benzal- 
dehyde  is  omitted,  and  note  the  quantity  of  \  acid  used.     Now  sub- 
tract the  number  of  Cc.  of  acid  required  in  the  blank  test  from  the 
number  required  in  the  first  operation,  which  will  indicate  the  num- 
ber of  Cc.  required  for  the  benzaldehyde ;  multiply  this  difference 
by  5.26  (or  0.0526  and  then  by  100)  and  divide  the  product  by  tlie 
weight  of  benzaldehyde  used  for  the  test,  to  ascertain  the  percentage 
of  true  C5H5COH  present  in  the  sample.     As  already  stated  under 
oil  of  lemon,  sodium  sulphite  shows  an  alkaline  reaction  toward 
phenolphthalein,  and  acid  sodium  sulphite  shows  a  neutral  reaction. 
Hence,  in  the  above  test,  when  the  latter  salt  is  formed  by  addition 
of  hydrochloric  acid,  the  reaction  remains  neutral  until  a  correspond- 
ing quantity  of  sodium  benzalhydroxysulphonate  has  been  formed, 
and  finally,  when  all  benzaldehyde  has  been  taken  up,  permanent 
neutrality  appears  with  an  excess  of  acid  sodium  sulphite.    Since 
each   molecule,  or  105.26  jMirts,  of  absolute  aldehyde  requires  1 
molecule  of  acid  sodium  sulphite,  to  form  which  1  molecule  of  abso- 
fiolute  hydrochloric  acid  is  required  to  react  with  1  molecule  of  sodium 
sulphite,  each  Cc.  of  the  f  acid  required  by  the  benzaldehyde  and 
containing  0.01809   Gm.  of  HCl,  corresponds  to  0.0526  Grn.  of 
C^HjCX)!!,  for  36.18  :  105.26  : :  0.01809  :  0.0526. 

Camphor. — ^This  term  is  applied  to  compounds  having  the  com- 
position CioHigO,  which  occur  in  a  number  of  essential  oils  and  are 
solid  at  ordinary  temperature.  They  are  no  doubt  the  result  of 
oxidation  of  hydrocarbons  in  the  plant,  and  stand  in  the  relation  ot 
a  ketone  to  the  alcohol  borneol,  CjoHiyOII.  Official  camphor  )> 
derived  solely  from  the  wood  of  the  camphor  tree  of  China  and 
Japan.  When  camphor  wood  is  heated  in  stills  the  camphor  vola- 
tilizes and  sublimes  in  the  form  of  small  grains,  which  oome  to  this 
country  as  crude  camphor.  It  is  accompanied,  as  a  by-product,  by 
oil  of^mphor^  a  liquid  of  complex  composition,  containing  notle^^ 
than  four  hydrocarbons,  pinene,  phellandrene,  dipentene,  and  catli- 
nene,  besides  five  oxidizea  bodies,  cineol,  camphor,  terpineol,  safrol, 
and  eugenol. 

In  1902  a  patent  was  obtained  in  this  country  for  the  synthetic 
manufacture  of  camphor,  the  method  being  based  on  the  interaction 
of  anhydrous  oil  of  turpentine  with  anhydrous  oxalic  acid  at  a  tem- 
perature of   120^-130°  C.  (248°-266°  F.).    The  chief  products 
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obtained  are  camphor  and  boraeol,  which  may  be  separated  by  treats 
ment  with  lime  and  subsequent  distillation ;  the  borneol  can  be  con- 
verted into  camphor  by  oxidation.  Synthetic  camphor  thus  made 
resembles  the  natural  product  closely  in  appearance  and  properties^ 
having  about  the  same  specific  gravity,  melting-point,  and  boiling- 
point,  but  showing  a  much  lower  angle  of  rotation.  The  manufac- 
ture of  synthetic  camphor  is  now  carried  on  to  a  limited  extent. 

Ciimamic  Aldehyde,  OgHgO  or  CeHs.CH  :  CH.OOH.— Both  the 

natural  aldehyde  found  in  oil  of  cinnamon  and  that  synthetically 
prepared  are  oflBcially  recognized  under  the  Latin  title  Cinnalde- 
hydum. 

The  natural  product  is  obtained  from  oil  of  cassia  by  the  same 
method  as  given  for  benzaldehyde  from  oil  of  bitter  almond.  The 
crystalline  compound,  after  being  washed  with  cold  alcohol,  is  decom- 
posed with  dilute  sulphuric  acid,  and  the  regenerated  cinnamic  alde- 
hyde then  rectified  by  distillation.  Synthetically  cinnamic  aldehyde 
may  be  prepared  by  diluting  a  mixture  of  10  parts  of  benzaldehyde, 
15  parts  of  acetaldehyde,  and  10  parts  of  10  per  cent,  sodium  hy* 
droxide  solution,  with  900  parts  of  water,  and  setting  the  liquid 
aside  for  several  days,  when  the  two  aldehydes  will  condense  to 
form  cinnamic  aldehyde  with  elimination  of  water,  thus :  CgH^COH 
+  CH3COH  =  C,H,CH.CH.COH  +  up. 

The  Pharmacopceia  requires  that  official  cinnamic  aldehyde  shall 
contain  at  least  95  per  cent,  of  the  pure  aldehyde,  the  determination 
being  made  exactly  as  directed  for  the  assay  of  citral  in  oil  of  lemon, 
except  that  a  correspondingly  smaller  quantity  of  cinnamic  aldehyde 
is  used  for  the  test.  As  in  the  case  of  oil  of  lemon,  2  molecules  of 
acid  sodium  sulphite  are  concerned  in  the  reaction  with  1  molecule 
of  the  aldehyde,  and  hence  1  molecule  of  cinnamic  aldehyde  or 
131.07  parts  will  require  2  molecules  or  72.36  parts  of  absolute 
hydrochloric  acid  for  formation  of  the  necessary  quantity  of  acid 
sodium  sulphite,  which  quantity  of  acid  corresponds  to  4000  Cc.  of 
the  ^  acid ;  each  Cc.  of  the  latter,  containing  0.01809  Gm.  of  IICl, 
must  therefore  correspond  to  0.033  (or  more  accurately  0.03277)  Gra. 
of  pure  cinnamic  aldehyde,  for  72.36  :  131.07  :  :  0.01809  :  0.03277. 

Engenol,  OioH^jO^  or  06H3rOH)(OCH3).03H5.— Chemically  this 
compound  is  also  known  as  allylmethylpyrocatechol ;  it  belongs  to 
the  class  of  phenols  and  is  the  chief  constituent  of  oil  of  cloves, 
besides  being  present  in  other  oils.  It  is  obtained  by  shaking  oil  of 
cloves  with  an  excess  of  10  per  cent,  sodium  hydroxide  solution, 
whereby  it  is  dissolved  in  the  form  of  sodium  eugenol.  After  wash- 
ing the  aqueous  liquid  with  ether,  it  is  decomposed  with  diluted  sul- 
phuric acid,  the  separated  eugenol  washed  with  sodium  carbonate 
solution  to  remove  adhering  acid,  and  finally  distilled. 

Upon  oxidation  with  potassium  permangante  eugenol  yields  va- 
nillin.   As  it  is  used  for  the  manufacture  of  the  latter  substance,  it  is 


702  PHARMACEUTICAL  CHEMISTRY. 

sometimes  abstracted  from  oil  of  cloves,  which  thus  loses  materudlj 
in  value. 

Encaljrptol,  Cy^^O. — This  compound,  also  known  as  ciceol, 
constitutes  the  most  important  portion  of  the  oils  of  cajuput  and 
eucalyptus  ;  it  is  present  also  in  oil  of  rosemary  and  the  volatile  oil 
of  santonica,  artimisia  pauciflora,  is  composed  almost  wholly  of 
eucalyptol.  Chemically  it  is  a  neutral  oxide,  but  forms  cr}stalline 
compounds  with  hydrochloric  acid  gas  and  with  phosphoric  acid.  It 
may  be  obtained  from  the  oils  containing  it  by  subjecting  these  to 
low  temperatures  and  then  draining  off  the  adhering  liquid,  but  thi:5 
process  is  not  very  satisfactory ;  more  desirable  methods  are  to  cou- 
vert  the  eucalyptol  into  its  crystalline  compounds,  as  hydrochloride 
or  phosphate,  by  treating  the  oil  with  hydrochloric  acid  gas  or  phos- 
phoric acid,  and  then  decomposing  the  product  with  warm  water, 
when  the  liberated  eucalyptol  will  rise  to  the  surfiice  and  may  then 
be  washed  with  dilute  alkali  solution  and  distilled. 

Menthol,  CiqHj^OH. — This  body,  forming  the  chief  constitaent 
of  oil  of  peppermint,  is  obtained  now  almost  altogether  from  the 
Japanese  oil  by  simple  refrigeration,  and  is  then  purified  by  recrys^ 
tallization.  Its  chemical  character  is  that  of  a  secondary  alcohol 
yielding  by  moderate  oxidation  with  potassium  dichromate  and 
sulphuric  acid  a  ketone,  menthoney  C,oH|gO,  and  combining  with 
organic  acids  to  form  compound  ethers,  such  as  menthyl  acetate, 
benzoate,  butyrate,  formate,  etc.  By  means  of  dehydrating  agents, 
menthol  is  converted  into  the  hydrocarbons  menthene  anddimen- 
thene. 

Menthol  is  only  slightly  soluble  in  water,  but  imparts  to  it  its 
odor  and  taste ;  it  is  readily  soluble  in  alcohol,  ether,  and  chloroform. 
When  triturated  with  an  equal  weight  of  camphor,  hydrated  chloral, 
or  thymol,  it  liquefies.  The  presence  of  thymol  in  menthol  may  be 
detected  by  the  appearance  of  a  green  color  upon  adding  3  drops  of 
sulphuric  acid  ana  1  drop  of  nitric  acid  to  a  solution  of  a  few  gTam^ 
of  menthol  in  1  Cc.  of  glacial  acetic  acid. 

Methyl   Salicylate,  CHjC^O)  or  C^4(0H)0000H,.— This 

compound,  also  known  as  artificial  or  synthetic  oil  of  wintergreen,  i? 
an  ester  which  constitutes  very  nearly  the  whole  of  the  natural  oil 
of  sweet  birch  and  oil  of  wintergreen.  It  is  prepared  synthetically 
for  commercial  purposes  by  heating  methyl  alcohol  and  salicylic  aciJ 
together  in  the  presence  of  sulphuric  acid.  The  reaction  occurriDg 
may  be  shown  by  the  equation  CcH,(OH)CXX)H  +  CHjOH  = 
C,H/OH)COOCIl3  +  HjO ;  the  sulphuric  acid  serving  merely  i<. 
remove  the  water  as  fast  as  eliminated.  The  newly  formed  methyl 
salicylate  floats  on  the  surface  of  the  acid  liquid  and  is  subsequently 
rectified  by  distillation. 

For  flavoring  puqwses,  methyl  salicylate  may  be  used  in  place 
of  the  oils  of  betula  and  wintergreen. 


VOLATILE  OILS  AND  BESINS.  703 


Monobromated   Camphor,  CioHj^BrO   or   C^isPrOO.— This 

compound  is  obtained  by  heating  camphor  and  bromine  together  in  a 
flask  or  retort  (preferably  with  the  addition  of  water  or  chloroform) 
until  reaction  ceases,  then  allowing  the  yellowish  solution  to  crystal- 
lize, heating  until  the  mass  becomes  white,  and  recrystallizing  from 
alcohol  or  petroleum  benzin.  The  reaction  involves  the  formation 
of  camphor  dibromide,  CioHj^OBrj,  which  splits  up  into  camphor 
monobromtde  and  hydrobromic  acid,  CioHigOBrj  =  CioHi^BrO  + 
HBr,  the  latter  distilling  over  with  the  water  or  chloroform. 

Safrol,  OioHjoOj  or  OeH2.0sH5(OOOH2).— Chemically  this  com- 
pound is  the  methylene  ether  of  allyl  pyrocatechol,  and  is  found  in 
several  volatile  oils,  notably  the  oils  of  camphor  and  sassafras. 
Although  oil  of  sassafras  contains  as  much  as  80  per  cent,  of  safrol, 
the  latter  is  commercially  obtained  chiefly  from  red  oil  of  camphor 
by  fractional  distillation,  the  fraction  boiling  at  about  230°  C.  (446°  F.) 
being  collected  and  purified  by  repeated  chilling  and  crystallization. 

At  ordinary  temperature  safrol  is  a  colorless  or  faintly  yellow 
liquid,  but  if  cooled  to  —20°  C.  (—4°  F.)  it  solidifies  to  a  crystal- 
line mass,  which  does  not  again  melt  until  warmed  to  11°  C.  (51.8°  F.). 
It  is  highly  poisonous. 

Terebene. — This  preparation  is  obtained  by  the  action  of  concen- 
trated sulphuric  acid  on  oil  of  turpentine,  the  acid  being  gradually 
added  to  the  oil ;  the  mixture  is  allowed  to  stand  for  a  day,  afler 
which  the  supernatant  layer  is  removed,  neutralized  with  chalk,  and 
distilled.  Terebene  dificrs  materially  from  oil  of  turpentine,  consist- 
ing chiefly  of  dipentene  and  terpinene,  with,  perhaps,  some  cymol 
and  camphene,  but  its  composition  will  vary  to  some  extent  with  the 
particular  kind  of  oil  of  turpentine  used  in  its  manufacture,  the 

froducts  from  American,  French,  and  Russian  oils  not  being  identical, 
t  is  optically  inactive,  and  in  this  respect  dificrs  from  oil  of  turpen- 
tine, but  it  must  not  be  overlooked  that  a  fraudulent  article  may 
have  been  produced  by  careful  mixture  of  dextrorotatory  and  Isevo- 
rotatory  oils  of  turpentine,  resulting  in  an  optically  inactive  liquid. 
The  specific  gravity  of  terebene  is  about  0.85  at  25°  C.  (77°  F.), 
and  the  Pharmacopoeia  gives  the  boiling-point  as  between  155°  and 
165°  C.  (311°  and  329°  F.),  whereas  Power  and  Kleber  (1894) 
elaim  that  true  terebene  carefully  prepared  boils  between  170°  and 
185°  C.  (338°  and  365°  F.).  Like  oil  of  turpentine,  terebene  is 
soluble  in  3  volumes  of  alcohol.  It  should  be  preserved  in  a  cool, 
dark  place  in  well-stoppered  bottles. 

Terpin  Hydrate,  CioH,g(OH)2  +  HjO.— This  compound  may  be 
obtaiiie<l  by  allowing  a  mixture  of  four  parts  of  rectified  oil  of  tur- 
pentine, 3  parts  of  80  per  cent,  alcohol,  and  1  part  of  nitric  acid  to 
stand  in  lai^e,  shallow  dishes  for  several  days ;  the  crystals  which 
have  separated  may  then  be  drained,  dried  between  filter  paper,  and 
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recrystallized  from  95  per  cent,  alcohol  rendered  slightly  alkaline 
to  remove  adhering  acid.  The  yield  is  about  12  per  cent,  of  the 
weight  of  the  oil  of  turpentine  used,  and  the  operation  should  always 
be  performed  in  the  cold,  as,  during  hot  weather,  resinification  of  the 
oil  will  occur  in  place  of  the  formation  of  crystals.  Terpin  hydrate, 
when  fused  or  rendered  anhydrous  over  sulphuric  acid,  yields 
terpin,  C,oH,s(OH)j,  a  diatomic  alcohol,  which,  when  distilled  with 
moderately  dilute  sulphuric  acid,  loses  water  and  is  changed  chiefly 
into  terpineol,  CioHj^OH,  a  substance  largely  employe!  in  per- 
fumery on  account  of  its  very  fragrant  odor,  resembling  that  of 
fresh  lilacs. 

Thjrmol,  Q^JSL^fi  or  CeHs.CHs.CsH^OH.— This  body,  chemically 
known  as  methyl-propyl  phenol,  occurs  in  several  volatile  oik,  and 
is  obtained  by  treating  the  residue  left  upon  distilling  the  oik  belov 
200°  C.  (392°  F.)  with  solution  of  sodium  hydroxide,  whereby 
thymol  is  dissolved  as  sodium  thymol,  Cj^HijONa.  When  the  solu- 
tion has  become  clear  by  subsidence,  thymol  is  liberated  by  means 
of  hydrochloric  acid  and  purified  by  distillation  and  crystallization; 
if  necessary,  it  is  also  decolorized  by  treatment  with  animal  charo<il. 

The  amount  of  thymol  present  in  diflferent  oils  varies  considerably, 
and  for  commercial  purposes  it  is,  perhaps,  all  collected  from  ajo\\^n 
oil,  the  volatile  oil  of  the  fruit  of  ptychotis  coptica,  which  is  said  to 
contain  from  45  to  55  per  cent,  of  thymol ;  the  oil  of  monarla 
punclatay  commonly  known  as  oil  of  horsemint,  is  said  also  to 
contain  over  50  per  cent,  of  thymol. 

Thymol  is  sparingly  soluble  in  water,  requiring  about  1100  parts 
for  solution  at  25°  C.  (77°  F.),  but  is  readily  soluble  in  alMA 
ether,  chloroform,  and  fixed  and  volatile  oils.  When  triturated  'with 
an  equal  quantity  of  camphor,  menthol  or  hydrated  chloral,  it 
liquefies. 

Thymol  Iodide,  OaoHj^OjIj  cr  (OgBLs.OHs.OaHy.OIV— Chemicilly, 
this  compound  is  better  known  as  dithymol  diiodide,  while  com- 
mercially the  names  aristol  and  annidalin  have  been  applied  to  it 
It  is  obtained  by  adding  an  aqueous  solution  of  iodine  and  pota^^iam 
iodide  to  an  alkaline  aqueous  solution  of  thymol,  when  condensan<>n 
of  2  molecules  of  thymol  occurs  and  2  atoms  of  iodine  are  taken  up 
in  the  phenolic  groups  simultaneously.  The  resulting  bulky  piwip 
itato  is  washed  with  water  and  dried  at  a  moderate  temi>erature. 

Although  the  Pharmacopoeia  has  adopted  the  name  thymol  io<lide 
for  the  compound,  the  name  aristol,  by  which  it  was  first  intniducvJ 
into  medicine,  will  no  doubt  prevail.  It  is  insoluble  in  water  anJ 
glycerin  and  only  slightly  soluble  in  alcohol,  but  dissolves  readily  » 
ether,  chloroform,  and  fixed  and  volatile  oils.  Thymol  iodide  c»^n- 
tains  about  45  per  cent,  of  iodine,  and  is  used  both  dry  and  in  the 
form  of  ointments ;  in  the  latter  case  it  is  preferably  rubbed  up  with 
a  little  oil  of  sweet  almond  before  adding  the  solid  fatty  vehicle. 
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The  Pharmacopceia  demands  the  absence  of  iodides  and  alkalies^ 
and  allows  not  more  than  3  per  cent,  of  ash. 

Vanillin,  CgHgOs  or  OA.OH.OOH3.COH.— This  compound, 
chemically  also  known  as  methylprotocatechuic  aldehyde,  occurs 
naturally  in  vanilla  bean,  of  which  it  is  the  odorous  and  active 
principle,  to  the  extent  of  about  2  per  cent.  For  commercial  pur- 
poses it  is  made  synthetically  either  from  coniferin,  a  glucoside  found 
m  the  cambium  sap  of  pine  trees,  or  from  eugenol,  the  chief  con- 
stituent of  oil  of  cloves.  The  latter  source  is  preferred  for  econom- 
ical reasons. 

If  made  from  eugenol,  the  latter  is  first  converted  into  acetyliso- 
eugenol,  CioHii(C2H30)Os,  by  boiling  with  acetic  anhydride,  which  is 
then  oxidized  with  potassium  dichromate  or  permanganate,  yielding 
acetyl-vanillin.  Upon  treatment  of  the  latter  with  potassium  hydrox- 
ide solution,  and  concentration  of  the  liquid,  it  is  converted  into 
vanillin.  The  mixture  is  filtered  and  the  filtrate,  after  acidulation 
with  sulphuric  acid,  shaken  with  ether,  whereby  the  vanillin  is  re- 
moved and  then  purified  by  treating  the  ethereal  solution  with  an 
aqueous  solution  of  acid  sodium  sulphite  for  the  removal  of  im- 
purities, such  as  vanillic  acid  and  vanilloylcarbonic  acid.  The 
purified  ethereal  solution  upon  evaporation  at  a  low  temperature 
yields  vanillin. 

If  coniferin  is  to  be  used  for  the  manufacture  of  vanillin,  a  con- 
centrated solution  of  the  same  is  slowly  added  to  a  moderately  warm 
solution  of  potassium  dichromate  in  water  and  sulphuric  acid,  the 
mixture  being  finally  heated  to  boiling  for  three  hours.     The  process 
involves  the  hydrolysis  of  the  glucoside,  yielding  coniferyl  alcohol 
and  dextrose,  the  former  being  oxidized  to  vanillin  with  elimination 
of  aldehyde,  thus  :  CigHj^Og  +  H^O  =  C,oH,  A  +  C^HiA  ;  Ci.,H,j 
03  +  0=  CgHA  -f  C2H4O.     The  vanillin  may  be  recovered  direct 
by  j>assing  steam  through  the  mixture,  or  it  may  be  extracted  w  ith  suc- 
cessive portions  of  ether,  after  filtration  of  the  liquid,  and  the  etl.er 
recovered,  leaving  the  vanillin  in  the  form  of  a  yellowish  oily  liquid, 
which  congeals  to  a  crystalline  mass  after  a  few  days,  and  may  be 
purified  by  solution  in  warm  water  and  treatment  with  animal  cliiir- 
coal,  and  final  recrystallization. 

Vanillin  is  soluble  in  100  parts  of  water  at  25°  C.  (77°  F.)  rnd 
readily  soluble  in  alcohol,  ether,  chloroform,  and  glycerin.  It  yvr- 
takes  of  both  aldehydic  and  phenolic  characters  and  unites  wiih 
bases  to  form  saline  compounds,  which  are  decomposed  upon  addi- 
tion of  an  acid  with  precipitation  of  the  vanillin. 

Vanillin  has  at  times  been  extensively  adulterated,  and  even  re- 
eently  accounts  have  been  published  of  gross  sophistication.  Ben- 
zoic acid,  especially  prepared  for  that  pur|>ose,  acetanilide,  boric  ccid, 
terpin  hydrate,  and  cumarin,  the  odorous  principle  of  tonka  bean, 
have  been  employed,  and  adulteration  to  the  extent  of  50  per  cent. 
has  been  frequent,  and  at  times  even  as  high  as  90  per  cent.  Acetyl- 

45 
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isoeugenol  has  also  been  met  with  in  commercial  vanillin.  Tbelatter 
may  be  detected  by  the  abnormal  crystals  revealed  under  the  micro- 
scope and  the  beautiful  red  color  developed  with  sulphuric  aciJ, 
instead  of  the  characteristic  lemon-yellow  color  found  in  the  case  of 
pure  vanillin. 

Since  vanillin  is  largely  used  for  the  manufacture  of  vanilla  ex- 
tracts, the  addition  of  cumarin  has  often  been  made  for  the  puqM)5e 
of  cheapening  the  product,  and  may  be  detected  by  the  metliod  sug- 
gested by  Prescott  and  Hess,  as  follows :  25  to  100  Gm.  of  thesuspeitc^l 
extract  are  heated  to  about  80®  C.  (176°  F.)  in  an  evaporating 
dish,  adding  water  from  time  to  time  to  keep  the  volume  constant 
After  removal  of  the  alcohol,  add  normal  lead  acetate  solution,  di\»p 
by  drop,  until  no  further  precipitation  occurs,  filter  through  asl)fetr.>, 
and  wash  the  precipitate  with  a  few  Cc.  of  hot  water.    The  (xM 
filtrate  is  then  extracted  with  repeated  portions  of  ether  or  chlow- 
form  and  the  combined  ether-extracts  shaken  out  with  successive 
portions  of  dilute  ammonia  (strong  ammonia  1   part  and  water  2 
parts)  until  the  last  portion  used  is  not  colored  yellow.    The  am- 
moniacal  solution  extracts  the  vanillin,  the  latter  as  an  aldehyde 
entering   into   combination  with   the  ammonia,  forming  aldehyde- 
ammonia,  which  is  very  soluble  in  water.     The  ether  solution  is  then 
washed  with  2  Cc.  of  water  and  evaporated  spontaneously  or  iu  a 
desiccator.      The  residue   is   exhausted  with  ligroin — fraction  of 
petroleum  Iwiling  between  30°  and  40®  C.  (86°  and  104°  F.)- 
and  the  residue  obtained  on  evaporation  of  the  same,  dried  at  a  tem- 
perature not  exceeding  45°  C.  (113°  F.),  and  weighed  as  cumann, 
Cumarin  may  by  this  method  also  be  detected  in  commercial  vanillin. 
as  it  will  not  be  extracted  from  an  ether  solution  of  the  suspected 
article  by  ammonia  water. 

Vanillin  has  been  used  in  connection  with  pliloroglucin  as  a  test 
for  free  hydrochloric  acid  in  gastric  juice.  The  reaction,  better 
known  as  Gunaburg^s  ted,  is  very  sensitive  and  capable  of  detecting 
as  little  as  -5^  per  cent,  of  the  acid.  Two  solutions  are  used,  the  one  cun- 
sistihg  of  phloroglucin  (2  Gm.)  and  alcohol  (15  Gm.),  and  the  other 
of  vanillin  (1  Gm.)  and  alcohol  (15  Gm.).  The  test  is  made  by 
mixing  3  drops  of  each  of  the  solutions  with  5  drops  of  ga^tno 
juice  in  a  porcelain  dish  and  warming  while  rotating  the  dish  genilv. 
In  the  presence  of  free  hydrochloric  acid  an  intensely  red  mirror  i? 
produced. 

RESINS. 

Comparatively  little  was  known  until  recently  regarding  the 
chemical  composition  of  resins  which  occur  in  plants  either  alone 
or  in  combination  with  volatile  oils  as  oleoresins  or  with  gams  a? 
gum  resins.  Investigations  have  been  in  progress  for  some  years  in 
the  hands  of  Prof.  Tschirch,  of  Berne,  Switzerland,  and  his  coUN-f- 
ers,  and  much  light  has  already  been  shed  upon  this  rather  obn-u'*' 
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subject.  This  much  has  already  been  established,  that  resins  are 
largely  composed  of  organic  acid  esters  or  compound  ethers  of  certain 
alcohols,  to  which  latter  the  general  name  resinol  has  been  applied ; 
some  of  these  alcohols  give  reactions  similar  to  those  characteristic 
of  the  tannins,  and  have  therefore  been  designated  as  resinotannola. 
Thus  we  have  benzoresinol,  storesinol,  peruresinotannol,  toluresino- 
tannol,  etc.  Some  resins  have  decidedly  acid  properties,  while  others 
are  known  to  be  anhydrides,  as  in  the  case  of  common  pine  resin  or 
colophony,  which  is  chiefly  composed  of  abietic  anhydride,  €44115204 ; 
one  of  the  resins  found  in  copaiba  is  a  crystalline  acid,  called  copaivic 
acid,  having  the  elementary  composition,  CjoHj^Oj;  the  resin  obtained 
from  guaiacum  wood  and  officially  recognized  as  guaiac,  consists 
largely  (70  per  cent,  and  over)  of  guaiaconic  acid,  C^gHj^Oj,  to  which 
the  well-known  color  reactions  of  guaiac  with  oxidizing  agents  are 
due. 

Resin  ofScammony  consists  almost  wholly  of  scammonin,  CjJEL^O^^, 
the  anhydride  of  scammonic  acid,  which  behaves  like  a  glucoside. 
Jalap  resin  consists  of  two  distinct  resins  which  can  be  separated 
from  each  other  by  ether,  the  one  insoluble  in  that  menstruum,  and 
constituting  about  90  per  cent,  of  the  official  resin,  consists  almost 
entirely  of  convolvulin,  CsiHjjoOjg,  an  anhydride  possessing  glucosidal 
properties  and  being  colorless  when  pure.  The  official  resin  of 
podophyllum  is  a  complex  mixture,  containing  an  acid  called 
podophyllinic  acid,  insoluble  in  ether,  and  a  substance  to  which 
the  name  podophyllotoxin  has  been  given ;  the  latter,  which  con- 
stitutes about  50  per  cent,  of  the  onicial  product,  is  said  to  be 
the  active  purgative  principle.  Both  these  substances  are  soluble 
in  chloroform,  and  may  be  separated  by  addition  of  ether  to  the 
chloroformic  solution,  which  precipitates  podophyllinic  acid  ;  upon 
evaporation  of  the  ethereal  solution  podopnyllotoxin  is  obtained. 
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CHAPTER  LIX. 

ORGANIC  ACIDS. 

Op  the  large  number  of  compounds  termed  organic  acids,  only 
the  few  that  are  of  special  interest  in  pharmacy  have  been  officially 
recognized.     Organic  acids  are  considered  as  derived  from  hydro- 
carbons or  their  alcohols^  by  replacement  of  hydrogen  or  hydroxyl 
by  the  imivalent  group  carboxyl,  COOH,  and  vary  in  their  basicity 
as  one,  two,  or  three  carboxyl  groups  may  have  been  taken  up,  carry- 
ing with  them  one,  two,  or  three  atoms  of  replaceable  hydn^,  as 
in  the  case  of  inorganic  acids.     The  official  organic  acids  are  acetic 
acid,  benzoic  acid,  camphoric  acid,  citric  acid,  gallic  acid,  lactic  acid, 
oleic  acid,  salicylic  acid,  stearic  acid,  tannic  acid,  tartaric  acid,  an«l 
trichloracetic   acid.      Diluted    hydrocyanic   acid,    although  opiwHv 
reckoned  among  the  inorganic  acids,  is  preferably  considered  at  thi* 

Eoint,  since  cyanogen  is  a  carbon  compound  probably  derived  fr^ra 
ydrocarbons  by  substitution  of  nitrogen  for  hydrogen.  Oxalic  ami 
valeric  acids,  although  not  officially  recognized,  are  both  of  interest 
to  pharmacists,  as  is  also  meconic  acid. 

Acetic  Acid,  HO2H3O2  or  OH3OOOH.— This  acid  has  alieady 
been  considered  in  connection  with  the  derivatives  of  cellulose  on 
page  610. 

Benzoic  Acid,  HO^H^O,  or  OgHjOOOH.— Several  metliods  are 
in  use  for  obtaining  this  acid  from  benzoin,  the  balsamic  resin  fn»ra 
which  it  takes  its  name. 

Both  a  dry  and  a  wet  process  are  employed  for  extracting  the 
acid  from  the  resin,  in  which  it  exists  in  a  free  state.  The  former 
is  by  sublimation,  benzoin  in  coarse  powder,  which  has  been  drit^ 
over  lime,  being  heated  in  shallow  iron  pans  covered  with  a  porno? 
diaphragm  and  connected  with  a  suitable  condenser,  carefully  recvi- 
lated  sand-bath  heat  being  used  so  as  to  avoid  contamination  <i 
the  acid  with  other  products,  partly  the  results  of  decompositi«>r-. 
which  volatilize  at  a  temperature  approaching  200°  C.  (392^  F. . 
The  yield  of  acid  by  this  method  ranges  from  6  to  8  per  cent  of  the 
weight  of  benzoin  used,  the  fused  resin  retaining  a  considerable  por- 
tion which  can  be  recovered  by  the  wet  method  ;  sublimed  acid  i- 
never  chemically  pure,  being  always  accompanied  by  a  volatile  »m 
to  which  the  peculiar  odor  of  the  acid  is  due. 

The  wet  method  consists  in  treating  powdered  benzoin  for  sonvf 
time  with  warm  milk  of  lime,  and  finally  boiling  the  mixture  and 
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filtering  while  hot.  The  filtrate  is  supersaturated  with  hydrochlorio 
acid^  the  crude  benzoic  acid  being  allowed  to  crystallize  and  then 
purified  by  resolution  in  boiling  water,  with  the  addition  of  animal 
charcoal,  filtered  and  again  crystallized.  In  this  process  calcium 
benzoate,  Cs(CjRfi^  is  first  formed  and  then  decomposed  with 
hydrochloric  acid,  whereby  benzoic  acid  is  liberated  while  calcium 
chloride  remains  in  solution,  thus,  Ca(C-H50j)2+2HCl=2HC7H502 
-f-CaCl,.  Benzoic  acid  obtained  by  this  method  is  of  fine  white 
appearance,  and  devoid  of  the  peculiar  aroma  of  sublimed  acid. 

Of  late  years  synthetic  benzoic  acid  has  been  extensively  produced, 
and  the  PharmacopoBia  recognizes  both  the  natural  and  synthetic 
products.  The  latter  is  made  from  toluene,  CjHjCH,,  by  passing 
•chlorine  gas  into  it  while  boiling  until  an  increase  in  weight  is  no 
longer  observed.  Toluene  is  thereby  converted  into  benzo-trichlo- 
ride,  CgHgCCl,,  which  liquid,  when  treated  with  water  under  press- 
ure, is  converted  into  benzoic  and  hydrochloric  acids,  tlius,  CgHaCCls 
+  2H,0  =  CfiHgCOOH  +  3HC1 ;  the  benzoic  acid  is  separated  by 
straining,  and  washed  with  cold  water  until  free  from  hydrochloric 
acid.  It  is  important  in  this  process  that  the  chlorine  ^as  be  passed 
into  the  boiling  toluene  in  diffused  daylight,  to  avoid  the  formation 
of  other  products. 

Large  quantities  of  benzoic  acid  are  also  made  from  the  urine  of 
cattle  and  horses,  which  contains  hippuric  acid,  or  benzoyl  glycocoU. 
By  boiling  hippuric  acid  with  strong  hydrochloric  acid,  the  former 
absorbs  water  and  is  split  up  into  benzoic  acid  and  glycocoU 
or  amidoacetic  acid,  thus :  CHjCNH)  (CeH,CX))COOH  +  H,0  = 
CejH,COOH  +  CH2(NH2)COOH.  Benzoic  acid  from  this  source 
is    always   accompanied  by   a  fetid  odor,  which   is   removed   by 

rystallization  and  sublimation  with  benzoin. 


Camphoric  Acid,  RJO^ffi^fl^  or  C8H,4(COOH)2. — ^When  camphor 
Is  oxidized  by  means  of  nitric  acid,  both  camphoric  and  camphoronic 
^cids  are  obtained.     The  following  is  the  method  usually  pursued  : 
About  150  Gra.  of  camphor  are  added  to  2000  Cc.  of  50  per  cent. 
nitric  acid  contained  in  a  long-neck  flask  provided  with  a  reflux  con- 
-deiiser,  and  the  mixture  heated  on  a  boiling  water-bath  until  colored 
vapors  are  no  longer  given  off:     When  cool  the  liquid  is  filtered 
through  asbestos,  for  the  purpose  of  collecting  the  camphoric  acid 
n^hich   has  separated,  and  the  filtrate  made  to  yield  an  additional 
quantity  of  crystals  by  concentration  to  about  one-fifth  its  volume. 
Xhe  crystals  are  dissolved  in  water  with  the  aid  of  sodium  carbonate, 
and  the  resulting  sodium  camphorate  allowed  to  crystallize ;  after  solu- 
tion in  water  the  salt  is  decomposed  by  means  of  hydrochloric  acid, 
when  the  liberated  camphoric  acid  will  crystallize,  and  may  then  be 
farther  purified  by  solution  in  hot  water,  treatment  with  animal  char- 
coal, and  recrystallization.     The  acid  mother-liquor,  from  which  the 
crude  camphoric  acid  is  first  separated,  contains  the  second  oxidation 
product,  camphoronic  acid,  CgHii(COOH)3. 
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Camphoric  acid  is  soluble  in  125  parts  of  water  at  25°C.(77°F.\ 
about  3i  grains  to  the  fluidounce,  and  in  10  parts  of  boiling  water; 
also  readily  soluble  in  alcohol  and  ether. 

Citric  Acid,  RJOfifij  +  H3O  or  03H,OH(COOH)3  +  H,0.-Tliis 
acid  belongs  to  the  class  known  as  fruit  acids,  and^  altliough  oocur- 
ring  in  many  plants^  is  obtained  for  use  solely  from  lemons  and 
limes.  It  is  manufactured  both  in  this  country  and  Europe,  on  a 
large  scale,  from  the  juice  of  immature  fruit,  which  contains  from  6 
to  8  per  cent,  of  acid.  The  juice  is  first  clarified  by  ebullition  and 
then  neutralized  by  addition  of  chalk,  the  resulting  calcium  citrate 
being  washed  with  boiling  water,  in  which  it  is  sparingly  solublej 
and  finally  decomposed  by  means  of  diluted  sulphuric  acid;  the 
newly  formed  calcium  sulphate  is  removed  by  straining,  the  solution 
of  citric  acid  being  concentrated  and  allowed  to  crystallize  in  large 
wooden  vats  lined  with  lead.  If  necessary,  the  crystals  of  citric 
acid  are  redissolved  in  water,  the  solution  being  subsequently  filtered 
through  animal  charcoal,  to  remove  color,  and  recrystallized 

As  citric  acid  crystallizes  better  from  solutions  containing  a  little 
sulphuric  acid  traces  of  the  latter  are  generally  found  in  the  com- 
mercial article.  Small  particles  of  metal  found  adhering  to  the 
crystals  and  deposited  in  solutions  thereof  are  lead,  derived  from 
the  crystallizing  vats.  Contamination  with  crystals  of  tartaric  acid 
can  be  readily  detected  by  placing  some  of  the  crystals  in  a  small 
dish  with  a  little  solution  of  potassium  hydroxide;  the  crystals  of 
citric  acid  slowly  dissolve,  wnile  those  of  tartaric  acid  gradnally 
become  opaque,  owing  to  the  formation  of  acid  potassium  tartrate. 
The  official  test  for  the  presence  of  tartaric  and  oxalic  acids  de- 
pends upon  the  solubility  of  potassium  citrate  in  acetic  acid,  in 
which  the  tartrate  and  oxalate  are  insoluble. 

The  Pharmacopoeia  demands  99.5  per  cent,  purity  for  citric  acid, 
to  be  determined  by  titration  with  normal  alkali  solution.  Citric 
acid  being  tribasic,  each  molecule  or  208.5  parts  will  require  3  niolt*- 
cules  or  167.22  parts  of  pota«^sium  hydroxide  for  neutralization,  and 
hence  each  Cc.  of  normal  KOH  solution  will  correspond  to  0.061^> 
Gm.  of  citric  acid.  In  the  official  test  34.75  Cc.  of  a  5  per  cent. 
solution  of  citric  acid  are  used,  which  will  contain  1.7375  Gm.of  the 
acid,  and  hence  each  Cc.  of  the  alkali  solution  required  will  represent 
4  per  cent,  of  citric  acid,  for  0.0695  is  4  percent,  of  1.7375;  to 
indicate  99.5  per  cent,  will  therefore  require  24.875  (practically  24.9) 
Cc.  of  the  alkali  solution. 

During  the  past  few  years  citric  acid  has  been  prepared  fr^ni 
dextrose  (grape-sugar)  by  action  of  certain  fungi,  known  as  citi»^ 
myces.  The  yield  amounts  to  about  55  per  cent,  of  the  weight  oi 
dextrose  used,  and  the  resulting  citric  acid  is  in  every  respect  iden- 
tical with  the  natural  acid.  The  manufacture  of  artificial  or  ^yj^ 
thetic  citric  acid  is  said  to  be  now  in  progress  on  a  oommereiil 
scale. 
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Solutions  of  citric  acid  gradually  separate  fungous  growths ;  this 
can,  however,  be  prevent^S  by  addition  of  5  or  10  per  cent,  of 
alcohol. 

Diluted  Hjdrocjanic  Acid. — The  official  preparation  of  this 
name  is  an  aqueous  solution  of  gaseous  hydrocyanic  acid,  HCN, 
prepared  by  adding  6  Gm.  of  silver  cyanide  to  a  mixture  of  15.54 
Cc.  of  diluted  hydrochloric  acid  and  44.10  Cc.  of  distilled  water, 
agitating  well,  and  pouring  off  the  clear  liquid  when  the  precipitate 
has  subsided.  The  equation  AgCN  +  HCl  =  HCN  +  AgCl  shows 
that  1  molecule  or  132.96  parts  of  silver  cyanide  is  capable  of  yield- 
ing 1  molecule  or  26.84  parts  of  hydrocyanic  acid,  and  hence  the 
6  Gm.  directed,  if  of  official  (99.9  per  cent.)  purity,  will  yield  1.21 
Gm.  of  the  acid,  which  produces  a  solution  of  fully  2  per  cent, 
strength.  This  process  is  especially  intended  for  the  pharmacist  so 
that  he  can  prepare  the  diluted  acid  in  small  quantities,  since  the 
solution  deteriorates  slowly  in  the  course  of  time. 

Manufacturing  chemists  prefer  to  decompose  a  solution  of  potas- 
sium ferrocyanide  with  sulphuric  acid,  in  a  flask  or  retort,  and 
conduct  the  resulting  vapors  into  distiUed  water.     In  this  process 
the  following  reactions  occur:  1.  The  formation  of  hydroferrocyanic 
acid,  thus,  K,Fe(CN)e  +  2H2SO,  =  H,Fe(CN),  +  2K2SO,;  2.  The 
decomposition  of  a  further  portion  of  potassium  ferrocyanide  by  the 
newly  formed  acid  in  the  presence  of  sulphuric  acid,  thus,  K4Fe(CN)g+ 
H, Fe(CN),  +  H^O,  =  6HCN  +  K^SO,  +  K2Fe(Fe(CN)6),    hydro- 
cyanic acid  being  evolved,  while  potassium   sulphate  and  potassio- 
ferrous  ferrocyanide,  or  Everitt's  salt,  remain  in  the  flask  or  retort; 
the  latter  salt  is  whit«  at  first,  but  gradually  changes  to  blue.    Aqueous 
vapor,  of  course,  passes  over  with  the  vapor  of  the  acid,  both  of 
which  are  usually  condensed  in  a  Liebig  condenser  interposed  between 
the  retort  and  the  receiver.     Distillation  is  continued  until  the  volume 
of"  the  mixture  in  the  retort  has  been  reduced  to  about  one-half, 
after  which  the  distillate  is  assayed  and  sufficient  distilled  water  added 
to  bring  the  solution  to  the  official  standard  of  2  per  cent,  strength. 
The  strength  of  diluted  hydrocyanic  acid  is  determined  by  titra- 
tion   with   pj-  AgN03  solution   in  the  presence  of  ammonia  with 
potassium  iodide  as  indicator,  exactly  as  explained  under  Potassium 
Cyanide  on  page  492.     Each  Cc.  of  the  silver  solution  required  for 
the  appearance  of  a  permanent  precipitate  corresponds  to  0.005368 
G-m.  of  hydrocyanic  acid,  and  hence,  in  the  official  test,  where  2.69 
Grm.  of  the  diluted  acid  are  used,  10  Cc.  of  jV  AgNO  solution  will 
be  required  to  show  2  per  cent,  of  absolute  HCN,  for  2  per  cent,  of 
2-69  =  0.0538  and  0.0538  -  0.005368  =  10.02. 

Solutions  of  hydrocyanic  acid  are  unstable,  hence  the  official 
diluted  acid  is  a  very  unsatisfactorj'^  preparation,  even  if  carefully 
kept  in  small,  tightly  closed  amber  vials.  Good  sound  corks  are 
probably  preferable  to  glass  stoppers,  as  they  fit  more  closely,  as  a 
rule.       Various  substances,  such  as  sulphuric  and  hydrochloric  acids^ 


712  PHARMACEUTICAL  CHEMISTRY. 

diluted  alcohol,  etc.,  have  been  suggested  for  the  preservation  of 
the  diluted  acid,  and  thus  far  none  have  proven. strictly  reliable. 

A  strong  solution  of  hydrocyanic  acid,  known  as  Scheele's  acid, 
contains  6  per  cent,  of  absolute  HCN,  but  is  not  used  in  this  cood- 
try  for  medicinal  purjwses. 

The  test  with  potassium  hydroxide  and  ferrous  sulphate,  men- 
tioned in  the  Pharmacopoeia,  is  generally  known  as  Scheele's  test 
for  hydrocyanic  acid,  and  depends  upon  the  formation  of  ferric 
ferrocyanide,  or  Prussian  Blue,  by  alkali  cyanides.  The  reactions 
occurring  are  as  follows:  1.  HCN  +  KOH  =  KCN -h HjO ;  2. 
6KCN  +  Fe(OH)2  =  K,Fe(CN),  +  2KOH ;  3.  4Fe(OH),  +  12HC1 
+  3K,Fe(CN)e  =  Fe,(Fe(CN)e)3  +  12KC1  +  6H,0.  The  first 
reaction  results  in  the  formation  of  potassium  cyanide,  and  when 
ferrous  sulphate  is  added  to  the  solution  containing  an  excess  of 
potassium  hydroxide,  ferrous  hydroxide  is  formed,  a  part  of  which 
IS  quickly  oxidized  by  the  air,  and  a  part  forms  potassium  ferrocya- 
nide with  the  alkali  cyanide  present.  Upon  addition  of  the  acid, 
the  ferric  chloride  formed  reacts  with  the  potassium  ferrocyanide, 
forming  feme  ferrocyanide  (Prussian  Blue),  which  is  precipitated. 

Gallic  Acid,  HO7HA  +  H^O  or  0^{0'S)jaOO'BL  +  H,0.— This 

acid,  also  known  as  trihydroxybenzoic  acid  and  dihydroxysalicylic 
acid,  may  be  obtained  either  from  nutgall  or  from  tannin  by  treat- 
ment with  diluted  sulphuric  acid  at  a  boiling  temperature;  the 
mixture  is  then  strained  and  the  liquid  set  aside  so  that  crystals 
may  form,  which  are  redissolved  in  hot  water  and  decolorized  with 
animal  charcoal.  Afler  filtration,  the  filtrate  is  again  set  aside  and 
allowed  to  crystallize.  In  either  case  the  reaction  occurring  causes 
the  absorption  of  the  elements  of  water  by  the  tannic  acid,  which 
latter  is  looked  upon  as  an  anhydride  of  gallic  acid,  thus :  HC,4H,0,t 

Another  method  for  manufacturing  gallic  acid,  at  one  time 
largely  used,  is  to  form  a  thin  paste  of  nutgall  with  water,  which  is 
exposed  to  the  air  in  a  warm  place  for  a  month,  with  occasioDal 
stirring  and  replacement  of  water  that  may  evaporate;  at  the  end 
of  that  time  the  paste  is  expressed,  the  liquid  being  rejected,  and 
the  residue  boiled  with  distillec^  water  for  a  few  minutes ;  the  mix- 
ture is  filtered  while  hot  through  animal  charcoal  and  allowed  to 
crystallize.  The  crystals,  if  not  sufiiciently  free  from  color,  are 
apr«iin  dissolved  in  hot  water,  filtered  as  before,  i*ecrystallized,  and 
dried. 

Gallic  acid  is  readily  distinguished  from  tannic  acid  by  it? 
greatly  decreased  solubility  in  water,  alcohol,  and  glycerin.  Alkali 
citrates  are  said  to  increase  the  solubility  of  gallic  acid  in  >%'ater  u»  a 
marked  degree.  Its  aqueous  solution  is,  moreover,  not  precipitau'd 
by  addition  of  albumen,  starch,  or  gelatin  solution,  and  the  blui.^^h- 
w^hite  precipitate  formed  upon  addition  of  lime  water  is  redissolved 
by  an  excess  of  gallic  acid ;  a  large  excess  of  lime  water  causes  the 
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liquid  to  assume  a  pink  tint.  Gallic  acid  causes  no  precipitation  in 
alkaloidal  solutions. 

Medicinally,  gallic  acid  is  unlike  tannic  acid  in  so  far  that,  exter- 
nally applied,  it  exerts  no  astringent  effect,  although  it  readily  con- 
trols passive  hemorrhage  when  internally  administered. 

In  connection  with  gallic  acid  its  omcial  derivative  may  also  be 
considered: 

Pyrogallol,  OJELfi^  or  O^BlJIGE)^. — This  compound,  also  known 
as  pyrogallic  acid  and  trihydroxybenzene,  is  a  triatomic  phenol  and 
may  be  obtained  by  subliming  previously  dried  gallic  acid  in  an 
oil  bath  at  a  temperature  of  200°  or  210°  C.  (392°  or  410°  F.) , 
the  yield  of  this  method  amounts  to  about  30  per  cent.  If  gallic 
acid  be  heated  with  two  or  three  times  its  weight  of  water  for  half 
an  hour  at  the  above-named  temperature,  under  pressure  in  a  suit- 
able boiler,  in  such  a  manner  that  the  liberated  carbon  dioxide  can 
escape,  a  somewhat  colored  solution  of  pyrogallol  will  result,  which, 
boiled  with  animal  charcoal,  filtered,  and  evaporated,  yields  an 
almost  colorless  crystalline  mass,  from  which  pure  pyrogallol  may 
be  obtained ;  as  the  yield  amounts  to  nearly  75  per  cent,  of  the 
weight  of  gallic  acid  used,  this  process  is  preferred  by  manfacturers. 
In  either  case  the  chemical  change  is  the  same,  gallic  acid  being  split 
up  into  pyrogallol  and  carbon  dioxide,  thus :  C5H2(OH)sCOOH  = 
CHjCOHI  +  CO,. 

Pyrogallol  is  readily  darkened  by  exposure  to  air  and  light, 
owing  to  oxidation ;  hence  it  must  be  carrfuUy  preserved  in  tightly 
closed  amber  vials.  It  is  very  soluble  in  water,  alcohol,  and  ether, 
and  contamination  with  gallic  acid  may  thus  be  detected. 

As  pyrogallol  is  poisonous,  a  derivative  product  has  been  intro- 
duced in  its  place,  namely,  goMacetophenone,  or  gallactophenoney  pre- 
pared by  heating  a  mixture  of  pyrogallol,  zinc  chloride,  and  glacial 
acetic  acid  to  148°  C.  (298.4°  F.)  and  adding  water  to  the  fusion 
while  hot ;  the  resulting  product  may  be  recrystallized  from  boiling 
^vrater.  It  occurs  as  a  crystalline  powder  of  dirty  flesh-color,  having 
the  composition  C6H2(C2H30)(OH)3. 

Lactic  Acid. — The  official  acid  is  an  aqueous  solution  of  lactic 
acid.  HC^HA  or  CH3.CHOH.COOH,  containing  75  per  cent,  by 
-weight  of  the  absolute  acid.    Three  varieties  of  lactic  acid  are  known, 
namely,  isolactic  or  ethyledene  lactic  acid,  sarcolactic  acid,  and  ethyl- 
•ene  lactic  acid,  of  which  the  first  alone  is  officially  recognized ;  it  is 
obtained  by  fermentation  of  a  mixture  of  either  milk-sugar  or  in- 
verted sugar  (see  page  637),  milk,  or  cheese  and  water,  at  a  tempera- 
ture between  25°  and  35°  C.  (77°  and  95°  F.) ;  chalk  or  zinc  oxide 
is  added  to  neutralize  the  acia  as  fast  as  formed,  since  butyric  acid 
is  otherwise  apt  to  be  produced  if  much  free  lactic  acid  is  present. 
The  resulting  calcium,  or  zinc  lactate,  is  subsequently  recrystallized 
^uid  decomposed  by  means  of  sulphuric  acid  or  hydrogen  sulphide, 
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the  mixture  filtered  and  the  solution  of  lactic  acid  evaporated.  Com- 
plete evaporation  of  the  water  is  not  practicable,  since  the  lactic  acid 
would  undergo  decomposition,  the  elements  of  water  being  split  oil 
and  insoluble  lactic  anhydride  formed ;  hence  the  Pharmacop(pia 
recognizes  a  very  strong  solution  in  place  of  the  absolute  acid.  The 
temperature  is  an  important  factor  in  the  fermentation  of  milk,  as 
below  25°  C.  (77°  F.)  acetic  acid  will  be  formed,  above  35°  C. 
(95°  F.)  butyric  acid  ;  hence  the  largest  yield  of  lactic  acid  is  pro- 
auced  between  these  two  degrees  of  heat. 

Besides  the  official  lactic  acid  two  other  varieties  occur  on  the 
market,  known  as  concentrated  and  dilute  lactic  acid  respectively; 
but,  since  neither  strength  nor  specific  gravity  is  specified  on  the 
label,  they  should  not  be  employed  by  pharmacists  in  piescriptioos 
or  otherwise. 

The  reaction  between  lactic  acid,  potassium  permanganate,  and 
sulphuric  acid,  mentioned  in  the  Pharmacopoeia,  resulting  in  the 
development  of  an  odor  of  aldehyde,  is  due  to  the  oxidizing  effeot 
of  the  potassium  permanganate,  the  lactic  acid  being  split  up  into 
acetaldehyde,  CH3COH,  and  formic  acid,  HCOOH,  which  latter  is 
then  still  further  oxidized  to  carbon  dioxide  and  water. 

In  the  assay  of  lactic  acid,  the  equation  HC^H^O,  +  KOH 
shows  that  1  molecule  or  89.37  parts  of  absolute  acid  require?  1 
molecule  or  55.74  parts  of  potassium  hydroxide,  and  hence  1  Co.  ot 
normal  KOH  solution  corresponds  to  0.08937  Gm.  of  absolute 
lactic  acid.  In  the  official  test,  4.47  Gm.  of  acid  being  used,  not  less 
than  37.5  Cc.  of  the  alkali  solution  will  be  required  to  show  jhe 
presence  of  75  per  cent,  of  absolute  acid,  for  75  |>er  cent,  of  4.47  - 
3.3525  and  3.3525-^-0.08937==  37.51  +.  Each  Cc.  of  the  alkali 
solution  also  represents  2  per  cent,  of  absolute  acid. 

Meconic  Acid,  B^O^O^  +  ZILfi  or  09H0,(0H)(000H), - 
SHjO. — This  acid  is  of  interest  chiefly  as  a  constituent  of  opium, 
and  also  on  account  of  its  peculiar  reaction  with  ferric  chloride, 
which  can  be  used  as  a  test  for  preparations  of  opium;  ferric 
meconate  possesses  a  blood-red  color,  like  that  of  ferric  acetate  and 
sulphocyanate,  but  may  be  distinguished  from  the  former  by  it;? 
indifference  to  dilute  hydrochloric  acid,  and  from  tlie  latter  by  its 
indifference  to  mercuric  chloride.  Reducing  agents,  such  as  stan- 
nous chloride  and  alkali  hypochlorites,  discharge  the  color  of  ferric 
meconate.  Meconic  acid  may  be  obtained  by  precipitating  a  con- 
centrated infusion  of  opium  with  calcium  chloride,  decomposing  the 
resulting  calcium  meconate  with  warm  dilute  hydrochloric  acid  and 
recrystallizing  from  water. 

Oleic  Acid,  BO.JSLJi^  or  CH,(CH,XCH.CH(0H3X000H.-Id 

the  chapter  on  fats  and  fixed  oils  this  acid  has  been  mentioned  as 
being  found  in  nearly  all  liquid  fats.  It  is  usually  obtained  of  ^'ari- 
able  quality  in  a  crude  state  in  the  manufacture  of  candles,  beio£ 
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then  known  as  red  oil;  for  pharmaceutical  purposes  the  crude  acid 
can  be  sufficiently  purified  by  simply  cooling  the  same  to  5°  C. 
(41^  F.)  and  separating  the  liquid  portion  from  palmitic  and  other 
acids.  Such  an  acid  is  recognized  in  the  Pharmacopoeia.  A  still 
purer  acid  may  be  obtained  by  saponifying  expressed  oil  of  almond 
with  lead  oxide^  dissolving  the  lead  oleate  in  petroleum  benzin  and 
decomposing  the  solution  with  dilute  hydrochloric  acid ;  after  re- 
moval of  the  benzin  by  evaporation^  the  oleic  acid  may  be  washed 
with  water.  "When  perfectly  pure,  oleic  acid  is  colorless,  odorless, 
and  tasteless,  but  rapidly  becomes  colored  upon  exposure  to  air  and 
light. 

The  test  for  appreciable  quantities  of  palmitic  and  stearic  acids, 
mentioned  in  the  Pharmacopoeia,  depends  upon  the  formation  of 
lead  oleate,  palmitate,  and  stearate,  the  former  of  which  is  soluble 
in  ether,  while  the  latter  two  are  insoluble. 

Oxalic  Acid,  H^C^O^  +  2H2O  or  (COOH)^  +  2H,0.— Although 
this  acid  occurs  in  numerous  plants,  chiefly  in  the  form  of  acid 
potassium  oxalate,  it  is  obtained  for  the  market  wholly  by  synthetic 
methods.  If  sawdust  be  made  into  a  pasty  mass  with  strong  solu- 
tion of  potassium  hydroxide,  or  potassium  and  sodium  hydroxides, 
the  mass  then  heated  and  kept  at  a  temperature  of  205^  C.  ^401°  F.) 
for  one  or  two  hours  and  dried,  a  gray  powder  of  crude  alkali  oxa- 
lates will  be  obtained ;  by  treatment  with  milk  of  lime,  calcium 
oxalate  results,  which  is  then  decomposed  with  sulphuric  acid,  and 
the  solution  of  oxalic  acid  is  concentrated  and  crystallized.  A  much 
larger  yield  is  said  to  be  obtained  by  heating  sodium  hydroxide  with 
carbonic  oxide  to  100°  C.  (212°  F.),  whereby  sodium  formate, 
XaHCOg,  is  produced,  which  is  then  further  heated  to  400°  C. 
(752®  F.),  with  exclusion  of  air  as  far  as  possible,  and  converted 
into  sodium  oxalate,  from  which  the  acid  is  liberated  as  above. 

Oxalic  acid  is  used  in  medicine  only  in  the  form  of  ferrous  and 
cerous  oxalates,  but  is  a  valuable  reagent  in  chemical  analysis. 

SaUcyUc  Acid,  HO^HA  or  06H,(0H)00 OH.— Since  the  intro- 
duction of  salicylic  acid  into  medicine,  nearly  all  thus  used  has  been 
prepared  synthetically  from  phenol  (carbolic  acid) ;  small  quantities 
are  also  obtained  by  treating  oil  of  wintergreen  with  potassium 
hydroxide  and  decomposing  the  resulting  potassium  salicylate  with 
an  acid.  Natural  salicylic  acid,  obtained  by  the  latter  method, 
is  preferred  by  some  physicians ;  it  commands  a  much  higher 
price  than  the  synthetic  acid.  In  the  synthetic  process  the  first 
step  is  the  manufacture  of  sodium  carbolate,  or  sodium  phenol, 
CfiHfiONa,  by  saturating  phenol  with  sodium  hydroxide.  This 
compound  is  then  dried  and  treated  with  carbon  dioxide,  whereby 
gixlium  phenol  carbonate  is  formed,  thus,  CgHgONa  +  CO2  = 
XaQjH^COj ;  this  is  heated  in  tightly  closed  vessels,  or  in  retorts 
through  which  a  stream  of  carbon  dioxide  is  passing,  to  130°  C. 
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(266°  F.),  when  it  is  converted  into  sodium  salicylate,  NaCjHjOy 
This  is  the  process  now  generally  employed,  and  is  a  modificatioa 
of  Kolbe^s  original  method,  in  which  only  one-half  of  the  pheuol 
was  utilized,  the  remainder  distilling  over  at  a  higher  temperatare. 
The  crude  sodium  salicylate  is  dissolved  in  water  and  decomposed 
by  means  of  hydrochloric  acid ;  the  resulting  mixture  is  drained, 
washed  with  cold  water,  and  finally  dissolved  in  boiling  water  from 
which  salicylic  acid  crystallizes  on  cooling  and  can  be  purified  by 
solution  in  diluted  alcohol,  decolorized  with  animal  charcoal,  and 
recrystallized. 

Salicylic  acid  furnishes  several  derivative  products  used  in  medi- 
cine, one  of  which  is  recognized  in  the  Pharmacopoeia  under  the 
name : 

Phenyl   Salicylate,  QfiJQ^ELfi^  or  OoH4(OH)OOOOA— T^is 

com[x>und  is  commercially  better  known  as  salol,  which  was  ak) 
formerly  its  official  title.  It  can  also  be  looked  upon  as  a  derivative 
of  phenol,  but  as  it  is  more  closely  allied  to  salicylic  acid  in  its  ther- 
apeutic effects,  it  is  generally  considered  together  with  the  same. 
Several  methods  are  known  fcr  preparing  phenyl  salicylate,  such  as 
treating  a  mixture  of  sodium  phenol  and  sodium  salicylate  iitith 
phosphorus  oxychloride,  or  passing  a  slow  current  of  phosgene  (car- 
Donyl  chloride)  into  a  warm  mixture  of  the  two  salts ;  in  both  caises 
new  sodium  salts  are  formed  as  by-products,  and  the  resulting  phenyl 
ester  is  dissolved  in  alcohol  and  crystallized.  A  later  and  simpler 
process  consists  in  heating  salicylic  acid,  contained  in  a  flask  with  a 
long,  narrow  neck,  in  an  oil-bath,  to  220^  or  230°  C.  (428**  or  446° 
F.) ;  air  is  excluded  by  passing  a  stream  of  carbon  dioxide  into  the 
flask,  the  long  neck  of  which  permits  only  vapors  of  water  and 
carbon  dioxide  to  escape.  The  salicylic  acid  is  first  changed  bv 
heating  into  its  anhydride,  thus,  2HCyH5O3=(CeH,(OH)CO)j0  + 
HjO ;  this  is  then  split  up  into  phenyl  salicylate  and  carbon  dioxide, 
thus :  (C6H,(0H)C0),0  =  CeH^CyH  A  +  CO,.  The  resulting  a^m- 
pound  is  dissolved  in  alcohol  and  crystallized,  as  in  the  other 
methods. 

Among  other  derivatives  of  salicylic  acid  introduced  into  medi- 
cine may  be  mentioned  :  aspiririy  or  acetylsalicylic  acid ;  salipyrinff 
or  antipyrine  salicylate ;  salipheUy  compound  of  salicylic  acid  and 
phenetidin ;  scdophen^  a  compound  of  salicylic  acid  and  acetylami- 
dophenol,  a  group  far  less  poisonous  than  phenol ;  eresaJol  or  cresyl 
salicylate,  etc.,  which  are  more  fully  described  in  the  National  Stand- 
ard Dispenaatorif, 

Stearic  Acid,  HCi^O,  or  O17HS5OOOH.— This  acid,  which  is 

of  very  little  use  in  pharmacy,  except  in  the  preparation  of  glycerin 
suppositories,  is  largely  obtained  in  the  manufacture  of  glycerin  from 
tallow,  by  treatment  with  water  and  superheated  steam,  as  explained 
on  page  676.     The  commercial  article  is  frequently  impure,  often 
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consisting  wholly  of  stearin  ;  for  pharmaceutical  purposes  it  should, 
at  least,  respond  to  the  official  requirement  regarding  the  limit  of 
undecomposed  fat.  Solubility  in  alcohol  also  serves  to  distinguish 
stearic  acid  from  stearin. 

Tannic  Acid,  HCi^HgO^  or  0,5H907.000H.— The  official  tannic 
acid  is  more  specifically  known  as  gallotannic  acid,  from  its  source, 
nut-gall,  to  distinguish  it  from  related  compounds  found  in  the  bark  of 
various  oaks,  chestnuts,  etc. ;  it  has,  however,  also  been  met  with  in  the 
leaves  of  tea  and  sumac.  Absolutely  pure  gallotannic  acid  is  probably 
digallic  acid,  or  an  anhydride  of  gallic  acid,  as  stated  on  page  TTi, 
but  its  constitution  as  such  has  not  yet  been  clearly  defined.  The 
commercial  article  is,  however,  as  a  rule,  contaminated  with  variable 
proportions  of  glucose  in  weak  combination,  which  formerly  gave 
support  to  the  view  that  tannic  acid  was  a  glucoside.  The  true  chem- 
ical character  of  tannin  was  first  announced  by  Schiff,  in  1871,  and 
corroborated  by  Etti,  in  1884.  The  subject  of  the  various  tannins 
has  been  carefully  studied  in  this  country  by  the  late  Prof.  H.  R. 
Trimble,  who  laid  down  the  results  of  his  labors  in  a  valuable  and 
extended  monograph,  entitled  Tlie  TanninSy  from  which  work  much 
of  the  information  here  given  has  been  taken. 

Different  methods  are  employed  by  manufacturers  for  the  ex- 
traction of  gallotannic  acid,  giving  rise  to  the  varieties  known  as 
ether-,  alcohol-,  and  water-tannin.     Chinese  or  Japanese  galls  are 
preferred   to   the  Turkish  variety,  on   account  of  their  richness 
in  tannic  acid,  from  60  to  65  per  cent.,  and  greater  freedom  from 
coloring   matters.     The    ether   method   yields   the   best    product. 
The  finely  cut  galls  are  first  exhausted  with  water,  at  a  tempera- 
ture of  40°  or  60°  C.  (104°  or  140°  F.) ;  the  infusion  is  allowed 
to  cool,  then  filtered  and  intimately  mixed  with  commercial  ether 
by  agitation.    When  the  emulsion  has  separated,  the  upper  ethereal 
layer,  containing  coloring  matter,  resin,  fat,  gallic  and  ellagic  acids. 
is  removed  and  the  aqueous  fluid,  after  concentration,  under  reduced 
pressure,  in  a  still,  to  a  syrupy  consistence,  is  spread,  when  cool,  on 
tin  plates,  which  are  placed  on  a  steam  table  and  covered  with  a 
wooden  box ;  this  causes  the  tannin  to  puff  up  and  dry  and  gives 
rise  to  the  peculiar  spongy  character  of  commercial  tannin.     The 
so-called  crystalline  tannic  acid  of  German  manufacturers  is  obtained 
by  introducing  a  very  thick  syrupy  mass,  prepared  as  above  stated, 
into  well-tinned  copper  vessels,  with  a  perforated  bottom,  through 
which  the  mass  slowly  drops  in  long  threads  on  to  heated  revolving 
cylinders,  where  it  dries,  and  is  removed  in  the  form  of  thin,  needle- 
shaped  particles. 

Another  plan  is  to  extract  the  powdered  nutgall  with  a  mixture 
of  ether  four  parts  and  alcohol  one  part,  transferring  the  tannic  acid 
tjo  water  by  agitation  with  the  latter,  and  then  proceeding  as  before 
stated.     This  method  is  extensively  employed. 

Diluted  alcohol  is  used  in  the  preparation  of  alcohol-tannin  by 
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percolation,  the  tincture  being  concentrated  and  evaporated  to  dry- 
ness in  a  vacuum  apparatus.  Water-tannin  is  obtained  bj  evapor- 
ating the  aqueous  infusion  described  above,  to  dryness,  in  a  vacuuiD- 
pan.  Neither  of  these  products  is  as  free  from  color  or  impurities 
as  the  first  named  or  ether-tannin. 

In  1893  Prof.  Trimble  suggested  the  use  of  acetone  for  the  ex- 
traction of  tannic  acid  from  nutgall,  and  exhibited,  at  Chicago,  a 
sample  of  the  acid,  almost  white,  prepared  by  this  method.  The 
advantages  claimed  for  this  solvent  are  cheapness,  thorough  pene- 
tration, and  rapidity  of  action. 

Glucose,  the  most  persistent  impurity  found  in  tannin,  can  be 
removed  completely,  as  suggested  by  Trimble,  by  treatment  with 
lead  acetate  and  hydrogen  sulphide  and  subsequent  extraction  of 
the  tannin  with  acetic  ether. 

Grallotannic  acid  differs  markedly  from  oak-bark  tannins  in  its 
behavior  toward  several  reagents,  thus,  while  with  lime  water  oak- 
tannins  give  a  pink  or  red  precipitate,  gallotannic  acid  causes  a  bine 
precipitate ;  with  bromine  water  gallotannic  acid  gives  no  precipi- 
tate, while  oak-tannins  cause  a  yellow  precipitate ;  ferric  chloride 
and  ammonium  hydroxide  cause  a  green  precipitate  with  oak-tan- 
nins and  a  blue  one  with  gallotannic  acid,  etc.  The  blue  color 
sometimes  observed  in  the  case  of  oak-tannins  with  ferric  salta  is 
due  to  the  presence  of  a  foreign  substance,  pure  oak-tannins  show- 
ing only  a  green  color.     (Trimble.) 

Owing  to  the  ready  discoloration  of  tannic  acid  by  metallic  iron 
in  the  presence  of  moisture,  all  contact  with  spatulas  under  such 
conditions  must  be  avoided.  Solutions  of  tannic  acid  change  readily, 
particularly  if  exposed  to  air  and  light,  gallic  acid  and  probably 
elldgic  acid,  Ci4HgOg,  being  gradually  formed ;  such  changes  are 
retarded  and  even  prevented  by  the  presence  of  glycerin  or  alcohol 
in  sufficient  quantity. 

The  term  tannin  is  now  applied  to  the  whole  group  of  vegetable 
astringents,  while  the  name  tannic  acid  has  been  reserved  for  the 
particular  product  derived  from  nutgalls.  The  classification  adopted 
by  Trimble  divides  all  tannins  into  two  main  groups,  which  may  be 
distinguished  from  each  other  by  the  reactions  above  mentioned.  All 
tannins  should  be  soluble  in  water  and  precipitated  by  gelatin.  The 
gallotannic-acid  group  includes,  beside^  nutgall  tannin,  the  tannin^ 
found  in  chestnut  wood,  chestnut  bark,  pom^ranate  bark,  and  sumac, 
while  the  oak-tannin  group  comprises  the  tannins  from  diSerent 
species  of  oak,  from  kino,  gambir,  krameria,  tormentil,  mangrove, 
and  canaigre. 

While,  for  technical  purposes,  the  estimation  of  tannin  in  various 
tanning  materials  is  often  of  importance,  and  is  no  doubt  abo  valu- 
able in  chemical  plant  analysis,  such  determinations  are  not  reqnimi 
in  pharmacy.  Advantage  is  taken  of  the  well-known  property 
of  tannin  to  form  insoluble  compounds  with  gelatin  (as  demon- 
strated  in  the  preparation   of  leather),  and  this  operation  is  in- 
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eluded  in  all  methods  of  assay  thus  far  published.  A  complete 
account  of  Lowenthal's  method  for  estimating  tannin,  as  modified 
by  Von  Schroeder,  will  be  found  in  the  National  Standard  Dis- 
pensatoryy  p.  89. 

Tartaric  Acid,  RJOJIfi^  or  (OHOH)2rOOOH)3.— This  acid  is 
even  more  widely  distributed  in  the  fruit  ot  many  plants  tlian  citric 
acid,  occurring  both  in  the  free  and  combined  state.     For  commer- 
cial purposes,  it  is  obtained  from  crude  or  partially  purified  argols 
(see  p.  488)  by  neutralizing  the  acid  potassium  tartrate  in  hot  solu- 
tion with  chalk,  whereby  calcium  and  potassium  tartrates  are  formed, 
and  then  decomposing  the  remaining  potassium  tartrate  with  calcium 
chloride ;  the  resulting  calciiun  tartrate  is  washed  with  water  until 
tasteless  and  decomposed  by  digestion  with  sulphuric  acid,  when 
sparingly  soluble  calcium  sulphate  is  formed  and  tartaric  acid  liber- 
ated, which  latter  enters  into  solution.     After  removal  of  the  pre- 
cipitated calcium  sulphate  by  filtration,  the  solution  of  tartaric  acid 
is  concentrated  and  allowed  to  crystallize,  the  crystals,  if  necessary, 
being  redissolved,  digested  with  animal  charcoal,  and  recrystallized. 
Tartaric  acid  is  rarely  found  in  the  shops  in  other  than  powder 
form,  and,  as  a  rule,  is  free  from  impurities.     The  official  test  for 
oxalic  acid,  by  means  of  calcium  sulphate  solution,  depends  upon 
the  insolubility  of  calcium  oxalate  in  the  presence  of  aramonmm 
salts,  whereas  calcium   tartrate  is  but  slowly  deposited  under  like 
conditions;    an   excess   of   ammonia   must   be  avoided,   hence  the 
Pharmaoopieia  directs  incomplete  neutralization.    If  crystallized  tar- 
taric acid  is  contaminated  with  uvic  acid,  the  latter  is  readily  de- 
tected by  the  milk-white  appearance  of  its  crystals,  those  of  tartaric 
acid  being  translucent. 

Trichloracetic  Acid,  HO2OI3O2  or  OOI3OOOH.— This  acid  has 
already  been  considered  in  connection  with  Acetic  Acid  on  page  613. 

Valeric  Acid,  also  known  as  Valerianic  Acid,  HO^HjOj  or 

{OH,)2OH.0H2.000H. — As  this  acid  occurs  in  a  free  state  in  valerian 
root,  it  may  be  obtained  by  distilling  the  root  with  water,  neutraliz- 
ing the  aqueous  portion  of  the  distillate  with  sodium  hydroxide,  and 
decomposmg  this  solution  with  sulphuric  acid ;  it  may  then  be 
purifieo  by  fractional  distillation. 

Coramercially  the  acid  is  made  by  oxidation  of  amyl  alcohol  with 
a  mixture  of  potassium  dichromate  and  sulphuric  acid,  and  neutral- 
izing the  distillate  with  sodium  hydroxide ;  the  resulting  sodium 
valerate  is  decomposed  by  means  of  sulphuric  acid,  when  the  liber- 
ated valeric  acid  will  rise  as  an  oily  layer.  This  is  then  freed  from 
water  by  treatment  with  sulphuric  acid,  and  carefully  distilled.  The 
reaction  taking  place  may  be  illustrated  thus :  3C,H„OH  + 
2K^Cr/Jr  t  SH^SO,  =  SHQHA  +  2K^O,  +  2Crj(SO,\,  + 
llSCj^*     Since  a  small  portion  of  the  amyl  alcohol  escapes  oxida- 
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tion,  it  is  attacked  by  the  newly  formed  acid  and  passes  over 
into  the  distillate  as  a  compound  ether,  known  as  amyl  valeraU^ 
CjHuCftH^Oj ;  the  name  apple  oil  is  given  to  this  ester  on  account 
of  its  apple-like  odor  when  diluted.  When  the  acid  distilkte  is 
neutralized  with  sodium  hydroxide  the  amyl  valerate  separates  as  an 
oily  liquid,  and  may  be  removed. 

The  solubility  of  valeric  acid  in  not  less  than  26,  and  not  requir- 
ing over  30  times  its  weight  of  water,  affords  a  ready  means  of  dis- 
covering certain  impurities;  it  should  also  produce  a  clear  solution 
with  a  slight  excess  of  ammonia  water. 

The  only  use  made  of  valeric  acid  in  pharmacy  is  for  the  produc- 
tion of  anmionium  valerate  in  the  manu&cture  of  the  elixir  of  the 
same  name. 


CHAPTEK  LX. 

ALKALOIDS. 

The  name  alkaloids  is  applied  to  a  large  class  of  carbon  com- 
poands  containing  nitrogen,  which  are  capable  of  neutralizing  acids 
and  forming  salts.  The  basic  properties  of  these  compounds  vary 
in  intensity,  some  exhibiting  but  a  feeble  basic  reaction,  while  others 
are  capable  of  decomposing  heavy  metallic  salts  with  the  formation 
of  metallic  hydroxides.  The  term  alkaloid  was  given  to  these 
so-called  organic  bases  on  account  of  their  similarity  in  chemical 
character  to  alkalies,  alkaloid  meaning  alkali-like. 

Since  the  discovery  of  basic  principles  in  both  living  and  dead 
animal  tissues  the  name  alkaloids  has  generally  been  restricted  to 
those  nitrogenous  bases  derived  from  plants,  the  term  leucomaines 
having  been  selected  for  the  basic  substances  found  in  living  animal 
tissues  and  ptamaines  for  those  produced  during  putrefaction  of  dead 
animal  tissues ;  the  last  named  are  still  sometimes  called  cadaveric 
alkaloids.  Chemists  go  even  a  step  further  by  subdividing  vege- 
table bases  and  reserving  the  name  alkaloid  for  all  those  shown  to 
be  derived  from  pyridine,  C5H5N,  or  quinoline,  CgH^N,  two  simple 
bases  found  in  coal  tar. 

The  discovery  of  alkaloids  occurred  early  in  the  last  century, 
when  Sertumer,  a  Grerman  apothecary,  in  1817,  demonstrated  the 
basic  character  of  a  substance  obtained  by  him,  in  1806,  from  opium, 
now  known  to  us  as  morphine.     Since  then  the  number  of  alkaloids 
determined  has  iucreasea  rapidly,  although  their  occurrence  is  con- 
fined to  comparatively  few  plant  families,  for  instance,  the  apocynacese, 
leguminosae,  liliacesB,  loganiacefie,  papaveraceae,  ranunculacese,  rubi- 
ace«e,  rutacefc,  solanacese,  umbelliferse,  and  perhaps  one  or  two  others. 
Sometimes  the  same  alkaloid  is  found  in  more  than  one  family,  as  in 
the  C5ase  of  the  alkaloid  berberine,  but  the  occurrences  are  rare.     As 
a  rule,  alkaloids  are  not  restricted  to  special  parts  of  plants ;  while 
present  to  a  much  larger  extent  in  the  root,  bark,  fruit,  and  seed  of 
different  plants,  in  a  few  cases  the  leaves  are  the  chief  source,  and  in 
some   cases  the  same  alkaloids  are  found  in  every  part  of  the  plant. 
In    order  to  distinguish  the  basic  from  neutral  vegetable  principles 
a  different  terminology  has  been  adopted  for  the  two  classes,  which 
has    been  maintained  in  the  Pharmacopceia,  and  serves  an  excellent 
purpose.     The  ending  ine  (Latin  ina)  is  applied  to  all  basic  plant 
products,  while  the  ending  in  (Latin  inum)  is  given  to  all  neutral 
principles. 

WTiile  all  alkaloids  contain  nitrogen,  a  few  do  not  contain  oxygen. 
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The  latter  are,  as  a  rule,  colorless  liquids  when  freshly  obtained  and 
not  exposed  to  the  air,  and  can  be  distilled  without  decompositiou ; 
they  aire  generally  characterized  by  a  peculiar  strong  odor,  as  in  the 
case  of  coniine,  nicotine,  and  sparteine.    Alkaloids  containing  oxygen 
are  generally  without  odor  and,  as  a  rule,  crystallizable,  a  few  also 
occurring  in  the  liquid  state.    With  the  exception  of  codeine,  colchi- 
cine, pellctierine,  and  physostigmine,  alkaloids  are  difficultly  soluble 
in  water,  but  all  dissolve  readily  in  alcohol,  and  some,  but  not  all,  dis- 
solve in  amyl  alcohol,  benzene,  chloroform,  ether,  and  ethyl  acetate. 
Vegetable  bases  do  not  all  possess  the  same  saturating  power,  for 
while  the  majority  are  monacid  in  their  character,  several  well-defined 
diacid  bases  are  known.     When  brought  together  with  acids  they  do 
not,  like  inorganic  bases,  cause  the  displacement  of  basylous  hydrogen 
with  the  formation  of  water,  but  form  salts  by  simple  addition. 
Inasmuch  as  alkaloids  are  closely  related  to  ammonia  and  often 
designated  as  substituted  ammonias,  it  has  been  suggested  that  the 
same  view  be  taken  in  regard  to  the  formation  of  their  salts  vrixV 
acids,  as  in  the  case  of  ammonia,  namely,  that  when  in  solution  in 
water  they  take  up  the  elements  of  water  and  then  unite  with  the 
acids   with  elimination  of  water,  as,  for  instance,  NH5+ILO- 
NH.OH  and  NH.OH  +  HCl  =  NH.Cl  -f  H,0 ;   C^yHj^S^O,  (W 
phine)  -t-  HP  -  Q^H^OjNOH  and  CjyHaoOjNOH  +  HCl  =  C,,Hy 
O3NCI  +  HjO.     This  view  is  not  expressed  in  the  formulas  and  the 
nomenclature  of  the  Pharmacopoeia,  but  may  in  the  course  of  time 
become  more  generally  accepted.     In  regard  to  the  naming  of  salts 
formed  by  the  union  of  alkaloids  with  acids,  it  is  customary  in  tlie 
case  of  oxygen  acids  to  follow  the  usual  rule,  thus  :  acetates,  citrates, 
nitrates,  phosphates,  sulphates,  etc.,  but  in  the  case  of  halogen  aoids 
the  proper  name  would  seem  to  be  obtained  by  changing  the  tennin- 
ation  ic  of  the  acid  into  ide  for  the  salt,  thus  hydrobromide,  liydn>- 
chloride,  hydrocyanide,  etc. 

In  nature  alkaloids  rarely  occur  in  a  free  state,  being  usually 
associated  with  an  acid,  which,  in  some  instances,  is  a  peculiar  acid 
characteristic  of  the  plant  in  which  it  is  found,  as  quinic  acid  of  ih» 
cinchona  barks,  meconic  acid  in  opium,  etc. ;  many  alkaloids  occKr 
in  the  plant  as  tannates.  Occasionally  the  alkaloid  exists  partly  in 
combination  and  partly  in  the  free  state,  as  in  the  case  of  hydrastint'. 
For  their  extraction  various  methods  are  employed ;  either  the  fimly 
comminuted  drug  is  exhausted  with  acidulated  water,  whereby  tht- 
alkaloid  is  brought  into  solution  as  a  new  salt,  which  can  then  U 
decomposed  and  precipitated  by  means  of  an  alkali  and  furthtf 
purified  by  resolution  in  some  appropriate  solvent,  filtration  thnm^l^^ 
animal  charcoal,  and  crystallization  ;  or  the  drug  may  be  exhaust*^ 
with  a  neutral  solvent,  such  as  alcohol  or  diluted  alcohol,  the  resultin: 
tincture  being  acidulated,  evaporated  to  remove  fats,  resins,  etc-jfilten^i. 
treated  with  water,  and  precipitated  and  {lurified  as  stated  aU^^'*• 
Advantage  is  taken  of  the  difference  in  solubility  between  free  alb- 
loids  and  their  salts  to  separate  and  purify  the  product  by  the  use  i-f 
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immiscible  solvents,  such  as  water  and  petroleum  benzin,  water  and 
chloroform,  water  and  ether,  etc.,  whereby  the  alkaloid  can  be  alter- 
nately transferred,  in  a  combined  or  free  state,  from  one  fluid  to  an- 
other; this  necessitates,  of  course,  provision  for  bringing  the  liquids 
into  intimate  contact  by  agitators.  This  method,  which  is  extensively 
employed  in  the  assay  of  alkaloidal  drugs,  is  termed  by  analysts  the 
"  snaking  out  process,"  because,  on  a  small  scale,  the  transfer  is  made 
in  glass  separators  by  rotation  or  shaking.  In  large  operations,  such 
as  the  manufacture  of  the  cinchona  alkaloids  and  others,  kerosene 
or  gasolin,  closely  allied  to  benzin,  is  now  extensively  employed  on 
account  of  its  solvent  capacity,  its  cheapness,  and  ready  separation 
from  watery  fluids.  In  tne  case  of  alkaloids  which  are  volatile,  the 
dnig  is  placed  in  a  still  with  some  water,  and,  by  the  addition  of 
a  fixed  alkali,  the  alkaloid  is  liberated,  and,  with  the  aid  of  heat, 
passed  over  into  a  receiver  containing  acidulated  water,  when,  having 
Deen  obtained  as  an  acid  salt,  it  can  be  further  purified  and  isolated 
by  one  of  the  methods  before  mentioned. 

To  determine  the  presence  of  an  alkaloid  in  any  drug,  the  simplest 
plan  is  to  macerate  a  small  portion  of  the  finely  powdered  article 
with  about  ten  times  its  weight  of  ProUius^  fluid,  a  liquid  of  remark- 
able penetrating  power,  composed  of  ether  325  Cc,  alcohol  25  Cc., 
and  stronger  water  of  ammonia  10  Cc.  The  maceration  should  be 
conducted  in  a  well-closed  flask,  for  several  hours,  with  frequent 
agitation,  after  which  some  of  the  clear  liquid  is  decanted  into  a  glass 
separator  (see  page  158)  containing  some  5  per  cent,  sulphuric  acid, 
and,  by  means  of  careful  but  active  rotation,  any  alkaloid  present  is 
transferred  to  the  acid  fluid ;  upon  withdrawing  this  and  warming 
on  a  water-bath  to  remove  ether  and  alcohol,  tne  addition  of  any 
of  the  general  reagents  mentioned  below  will  produce  a  cloudiness 
or  precipitate  if  alkaloids  have  been  extracted. 

Although  particular  alkaloids  are  only  found  in  certain  plants  or 
species  of  plants,  it  often  happens  that  several  alkaloids  are  present 
ill   the  same  plant,  ranging  from  2  in  nux  vomica  to  21  in  opium 
and  32  in  cinchona ;  rarely,  however,  does  the  number  exceed  4. 
When  pure,  alkaloids  are,  as  a  rule,  crystallizable,  excepting  the 
amines  or  liquid  bases,  without  color,  and  have  a  definite  melting- 
point,  which  latter  is  an  important  test  of  purity ;  their  different 
sal  abilities  have  already  been  referred  to.     In  solution,  whether 
free  or  in  a  combined  state,  they  are  precipitated  by  a  number  of 
substances  which  are  known  as  alkaloidal  class  reagents,  and  there- 
fore  incompatible  with  them  in  prescriptions.     Such  reagents  are 
tannic  acid,  picric  acid,  and  mercuric  chloride ;  besides  these,  the 
following  tests  for  the  presence  of  alkaloids  are  known  by  special 
names — Mayer's  reagent^  a  solution  of  potassium  mercuric  iodide  (see 
United  States  Pharmacopoeia,  page  529),  Marme^s  reagenty  a  solution 
of  potassium  cadmium  iodide,  Dragendorff^s  reagent^  a  solution  of' 
potassium  bismuth  iodide,  Scheiblei'^s  reagent,  phosphotungstic  acid, 
JSormenschein^ s  reagent,  phosphomolybdic  acid,  Wagnei-'s  reagent^  a 
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solution  of  iodine  together  with  potassium  iodide,  and  others.  The 
precipitates  caused  by  ttiese  reagents  in  alkaloidal  solutions  are  in 
some  cases  analogous  to  compounds  formed  in  solutions  of  the  inor- 
ganic bases^  thus  the  alkaloidal  periodides  closely  resemble  potasgiiun 
triiodide  in  composition,  with  the  exception  that  some  alkaloids  have 
the  power  to  combine  with  three,  four,  or  even  eight  atoms  of  iodine. 
Many  alkaloids  give  characteristic  color  reactions  with  acids  and 
other  reagents,  by  means  of  which  their  identity  may  be  established; 
some  of  these  reactions  will  be  mentioned  further  on,  in  connection 
with  the  individual  alkaloids.  Very  complete  information  regarding 
the  behavior  of  alkaloids  toward  reagents  as  well  as  their  source, 
solubilities,  etc.,  is  to  be  found  in  Sohn's  Dictionary  of  the  Acilrt 
Prindplea  of  Plants  (1894). 

Until  about  15  or  20  years  ago  comparatively  little  was  knovn 
regarding  the  chemical  constitution  of  alkaloids  and  their  rela- 
tion to  each  other.  Since  then  numerous  investigations  have  been 
actively  carried  on  along  these  lines,  and  much  valuable  informa- 
tion has  been  published.^  Such  investigations  will  eventually  lead 
to  the  successful  synthetic  production  of  numerous  natural  alka- 
loids, as  is  already  the  case,  on  a  commercial  scale,  with  cocaine  and 
codeine. 

The  following  natural  alkaloids  are  recognized  in  the  Pharmaco- 
poeia in  an  uncombined  state  :  Aeonitine,  Atropine^  Cocaine,  Codeine, 
Colchicine,  Hydrazine,  Morphine,  Quinine,  Strychnine,  and  Vcr(itrim\ 
Caffeine,  although  possessing  but  very  feeble  basic  properties,  mu?t 
nevertheless  also  be  placed  in  this  class ;  by  some  authorities  it  is  mit 
considered  an  alkaloid  at  all,  since  it  is  not  precipitated  by  potassium 
mercuric  iodide  solution  and  other  class  reagents. 

Salts  of  the  following  natural  alkaloids  are  officially  reoogniied: 
Atropine,  Cinchonidine,  Cinchonine,  Cocaine,  Codeine,  Hyoscine, 
Hyoscyamine,.  Morphine,  Pelletierine,  Physostigmine  or  Eserine, 
Pilocarpine,  Quinine,  Scopolamine,  Sparteine,  and  Strychnine;  alsJ* 
salts  of  the  following  alkaloidal  derivatives :  Apomorphine,  Hydra?- 
tinine. 

THE  OFFICIAL  ALKALOIDS  AND  ALKALOIDAL  SALTS. 

Aconitine,  Og^H^yNOn. — This  very  poisonous  alkaloid  is  fouml  in 
the  root  of  aconitum  napellus,  where  it  exists  in  combination  wiih 
aconitic  acid  to  an  extent  varying  from  0.5  to  1.15  per  cent  It  i^ 
usually  extracted  by  means  of  alcohol  containing  about  i  per  cent. 
of  tartaric  acid.  The  alcoholic  tincture  is  concentrated  at  a  1»'V 
temperature,  mixed  with  water,  and  afterward  with  ether  or  petroleum 

*  The  excellent  work  of  Guareschi,  translated  from  the  Italian  by  Knn»-Kni*. 
2  voIh.,  1896  and  1897,  and  the  more  i«cent  works  by  Pictet,  trani^ted  fnun  li^r 
French  by  Wolffenstein,  and  by  Br&hl,  Hjelt,  and  Aschan,  1900,  offer  a  very  r»<i- 
prehensive  compilation  of  everything  pertaining  to  plant  alkaloids  up  to  xeir  iw^r.i 
times.  Unfortunately;  these  Ixioks  have  not  yet  been  translated  into  Engh&lu  *o^ 
are  accessible' only  to  those  familiar  with  the  (jerman  language. 
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benzin  to  remove  fatty  matter  and  resin,  and  finally  precipitated  by 
an  excess  of  potassium  or  sodium  carbonate.  Amorphous  bases  are 
kept  in  solution  by  the  alkaline  liquid,  and  the  washed  precipitate 
is  dissolved  in  ether  and  allowed  to  crystallize.  By  recrystallization 
from  alcohol  the  alkaloid  is  eventually  obtained  pure. 

Commercial  aconitine  still  .occurs  in  both  the  amorphous  and 
crystalline  forms,  but  only  the  latter  variety  should  be  used,  as  the 
iinior[>hous  product  contains  derivatives  considerably  less  active  (10 
<»r  15  times)  than  the  crystallized  alkaloid.  The  formula  adopted 
by  the  Pharmacopoeia  for  aconitine  is  that  proposed  by  Freund  and 
Beck  in  1895,  whereas  the  British  Pharmacopoeia  assigns  to  the 
jilkxiloid  the  formula  CjsH^jNOn,  suggested  by  Dunstan  and  Inee  in 
1891. 

Aconitine  melts,  when  rapidly  heated,  at  195°  C.  (383°  F.),  but 
if  slowly  heated  it  decomposes  and  melts  at  182°  C.  (369.6°  F.). 
It  is  very  sparingly  soluble  in  water  and  petroleum  benzin,  but 
dissolves  readily  in  alcohol,  ether,  benzene,  and  chloroform.  Sul- 
phuric acid  is  without  effect  on  aconitine,  but  if  a  crystal  of  ammo- 
nium vanadate  be  added,  an  orange  color  is  produced.  Aconitine 
may  be  distinguished  from  atropine  and  picraconitine  by  not  yielding 
a  violet  color  if  a  very  small  quantity  be  heated  with  a  few  drops 
of  fuming  nitric  acid  to  dryness  and  the  residue,  when  cool,  then 
treated  with  alcoholic  solution  of  potassium  hydroxide. 

It  is  used  chiefly  for  the  preparation  of  a  2  per  cent,  oleate,  but  is 
occasionally  also  prescribed  for  internal  use.  It  must  be  handled 
^ith  great  care,  the  average  adult  dose  being  about  0.00015  Gm.  or 
^bout  ;j4-ir  grain. 

Apomorphine  Hydrochloride.  Oi^Hi^OsHOL — ^Apomorphine 
may  be  classed  among  the  so-called  artificial  alkaloids,  being 
obtained  by  the  action  of  hydrochloric  acid  on  morphine  or  codeine. 
7he  process  consists  in  heating  either  alkaloid  with  about  20  parts 
of  pure  hydrochloric  acid  in  a  sealed  tube  for  several  hours  in  an 
oil-bath  to  between  140°  and  150°  C.  (284°  and  302°  F.).  After 
oooling  the  liquid  contained  in  the  tube  is  diluted  with  water,  when, 
ci|x>n  the  addition  of  an  excess  of  sodium  bicarbonate,  apomorphine 
^'ill  be  precipitated ;  the  mixture  is  filtered  and  the  new  alkaloid 
^xtractea  from  the  residue  by  means  of  ether  or  chloroform.  The 
reaction  occurring  in  the  case  of  morphine  appears  to  be  simply  an 
abstraction  of  the  elements  of  water ;  thus,  Cj^HigNOj  —  HgO  = 
OijHjyNOj;  in  the  case  of  codeine,  however,  an  intermediate  product, 
ohlorocodid,  is  formed,  which  is  further  split  up  into  methyl  chlo- 
xide  and  apomorphine,  thus,  CigHjiNO,  +  HCl  =  CigHa^ClNOj  + 
HjO ;  CjgHj^jClNOj  =  C^^Hj^XO^  +  CH3CI.  If  a  few  drops  of 
liydrochloric  acid  be  added  to  the  ethereal  or  chloroformic  solution 
^bove  mentioned,  apomorphine  hydrochloride  will  separate  in  a 
crystalline  form,  and  may  be  recrystallized  from  boiling  water. 
The  salt  must  be  thoroughly  (^ried  over  sulphuric  acid  and  care- 
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fully  protected  against  moisture,  air,  and  light^  otherwise  it  soon 
assumes  a  green  color,  due  to  oxidation. 

Apomorphine  hydrochloride  is  always  dispensed  in  the  form  of 
aqueous  solutions,  and  amber  vials  should  be  used  for  the  same; 
the  gradual  green  coloration  of  the  solution  can  be  prevented  by 
addition  of  a  few  drops  of  hydrochlpric  or  acetic  acid.  A  solutwn 
of  this  salt  may  be  readily  distinguished  from  one  of  morphine 
hydrochloride  by  being  colored  red  by  addition  of  dilute  ferric 
chloride  solution,  whereas  the  morphine  solution  will  be  colo^'d 
blue.  Apomorphine  hydrochloride  may  also  be  distinguished  from 
codeine,  morphine,  narceine,  and  narcotine  by  adding  0.05  Gm.  of 
the  salt  to  a  solution  of  0.05  Gm.  of  ferrous  sulphate  in  10  Cc.  of 
water,  when  the  solution  will  gradually  turn  blue  and  then  black ; 
addition  of  alcohol  restores  the  blue  color. 

Atropine.  O^-^Eji^Oy — ^This  alkaloid  belongs  to  the  class  known 
as  mydriatic  alkaloids,  so  named  on  account  of  their  propertr  of 
causing  dilatation  of  the  pupil  of  the  eye,  which  occur  in  oelladonna, 
duboisia,  hyoscyamus,  scopola,  and  stramonium,  and  include  atro- 
pine, belladonnine,  hyoscine,  and  hyoscyamine ;  daturine  and  dabuis- 
ine,  formerly  considered  as  distinct  alkaloids,  are  now  known  to  be 
identical  with  atropine  and  hyoscyamine  respectively.  Atropiae, 
and  hyoscyamine  have  the  same  percentage  composition,  and  the 
last  named  can  be  converted  into  the  first  by  the  action  of  alkalies 
in  alcoholic  solution.  AH  three  alkaloids  are  easily  decomposed  by 
strong  acids  and  alkalies. 

Atropine  is  found  chiefly  in  belladonna,  being  obtained  preferably 
from  the  root,  as  the  latter  is  richer  in  alkaloid  and  free  from  chlo- 
rophyll. The  finely  powdered  root  is  exhausted  with  aloobol,  and 
the  percolate  mixed  with  calcium  hydroxide  to  decompose  the 
natural  salt  of  atropine  and  liberate  the  alkaloid,  which  remain? 
in  solution ;  after  filtration,  the  filtrate  is  acidulated  with  dilated 
sulphuric  acid,  concentrated  to  remove  alcohol,  fat,  and  resin,  and 
treated  with  alkali  carbonate  in  excess.  The  precipitated  atropine 
is  removed,  washed  with  w^ater,  and  dissolved  in  alcohol ;  to  the 
alcoholic  solution  water  is  added,  drop  by  drop,  to  incipient  tur- 
bidity, and  the  alkaloid  allowed  to  crystallize.  Other  bases  present 
remain  in  the  mother-liquor,  but  small  quantities  of  hyoscyamine 
always  accompany  the  commercial  article. 

Atropine  is  a  monacid  base  possessing  marked  alkaline  proper- 
ties ;  it  is  capable  of  decomposing  mercuric  and  mercurous  chloride 
with  the  formation  of  the  respective  oxides;  it  also  reddens  phenol- 
phthalein  paper  and  restores  the  blue  color  of  reddened  litmus. 

Commercial  atropine  is  usually  contaminated  with  small  quanti- 
ties of  hyoscyamine,  from  which  it  is  freed  with  difficulty  and  whW: 
has  the  effect  of  lowering  the  melting-point  of  the  alkaloid.  Pun? 
atropine  melts  at  115.8°  C.  (240.4°  F.),  but  the  commercial  pn^^- 
uct   usually  melts  at   113.8®  C.  (236.8°  F.),  which  is  cauj»ed  by 
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the   presence  of  hyoscyamine  having  a  melting-point  of  108°  C. 
(226.4°  R). 

The  alkaloid  atropine  is  very  rarely  used,  except  for  the  prepara- 
tion of  the  official  atropine  oleate,  a  2  per  cent,  solution. 

Atropine  Stdphate.  (Oj7H23NO.,)2  H^SO^.— This  salt  may  be 
prepared  either  by  adding  atropine  slowly  to  a  mixture  of  sulphuric 
acia  and  alcohol  or  by  dissolving  atropine  mixed  with  water  by 
means  of  diluted  sulphuric  acid.  In  either  case  a  perfectly  neutral 
solution  must  be  obtained^  which  is  then  evaporated  to  dryness,  at  a 
temperature  below  40°  C.  (104°  F.).  Some  of  the  commercial  salts 
show  an  acid  reaction  when  dissolved  in  water,  and  are,  therefore, 
unfit  for  use. 

Oaflfeine,  OgHjoNA  +  H^O  or  0,M{OK,)JSfl^  +  ttjO.— This 
feebly  basic  substance  occurs  in  a  number  of  plants  belonging  to 
different  natural  orders;  thus,  in  coffee,  tea,  kola,  and  paullinia, 
associated  with  tannin,  and  varies  in  amount  from  less  than  1  to  5 
per  cent,  of  the  driecl  material.  For  commercial  purposes  it  is 
usually  obtained  from  powdered  coffee-beans,  not  roasted,  or  prefer- 
ably the  fine,  unsalable  particles  of  tea  leaves  (tea  leaves  being  also 
much  richer  in  caffeine),  by  exhausting  the  same  with  hot  water,  add- 
ing a  solution  of  lead  acetate  in  slight  excess,  whereby  tannin  and 
coloring  matters  are  precipitated,  filtering,  adding  ammonia  water 
to  remove  excess  of  lead  salt,  and  again  filtering.  The  filtrate  is 
concentrated,  hydrogen  sulphide  added  to  remove  any  lead  still  re- 
maining, filtered,  and  further  evaporated  to  the  crystalliziug-point. 
Milk  of  lime  is  also  sometimes  used  to  remove  tannin,  fat,  coloring 
matter,  etc.,  and  is  added  to  the  powdered  material,  the  mixture 
being  then  exhausted  with  warm  80  per  cent,  alcohol ;  the  percolate 
IS  diluted  with  about  one-sixth  its  volume  of  water  and  distilled  to 
recover  the  alcohol.  The  aqueous  residue  is  filtered  and  crystallized. 
If  necessary,  the  product  is  redissolved,  filtered  through  bone-black, 
and  a^ain  crystallized. 

Caffeine  is  very  soluble  in  boiling  water,  2  parts,  and  also  in 
chloroform,  8  parts,  but  requires  about  46  parts  of  water  for  solu- 
tion at  25°  C.  (77°  F.),  which  quantity  is  very  materially  reduced, 
however,  by  the  presence  of  certain  other  substances,  such  as  sodium 
benzoate,  bromide,  salicylate,  and  cinnamate,  and  even  antipyrine. 

The  caffeine  derived  from  different  sources  is  identical,  although 
tlie  names  theine  and  guaranine  are  still  occasionally  used.  Con- 
siderable quantities  of  caffeine  are  now  made  synthetically  in  this 
country,  but  the  process  of  manufacture  is  kept  secret. 

Caffeine  is  a  derivative  of  xanthine,  as  shown  by  the  murexide 
ireaction  mentioned  below,  being  known  as  trimethyl  xanthine, 
OaH(CH3)3N402,  and  sometimes  also  called  methyl-theobromine.  It 
tisis  been  prepared  synthetically  by  the  action  of  methyl  iodide  on 
tlieobromine,  CJl^CH^^^  fizi  ^  basic  substance  found  in  cacao  beans. 
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When  treated  with  chlorine  water  or  hydrochloric  acid  and  pota^- 
sium  chlorate,  as  directed  in  the  Pharmacopoeia,  caflFeine  yields,  upon 
evaporation  to  dryness,  a  substance  known  as  amalic  aeid,  which,  in 
the  presence  of  air  and  ammonia,  forms  murexoin  or  tetraraefliv] 
murexide,  Cg(CH3)^N,0/NH4),  of  a  rich  pm  pie  color ;  this  tesi  is 
characteristic  of  caffeine  and  theobromine. 

Under  the  name  cUrcUed  caffemt  (caffeina  citrata),  the  Pharma- 
copoeia recognizes  an  intimate  mixture,  by  some  declared  to  be  a 
definite,  but  feeble,  chemical  compound,  obtained  by  dissolving  50 
Gm.  of  caffeine  in  a  solution  of  50  Gm.  of  citric  acid  and  100  Cc.  of 
hot  water,  and  evaporating  the  solution  to  dryness  on  a  water-bath, 
with  constant  stirring.     The  resulting  product  is  a  white  powder 
with  acid  taste  and  reaction.     With  3  parts  of  water  it  forms  a 
clear,  syrupy  liquid,  from  which  caffeine  is  precipitated  upon  addi- 
tion of  5  parts  of  water ;  when  25  parts  of  water  have  been  added, 
however,  the  precipitate  is  redissolved.     The  presence  of  tartaric 
acid  may  be  determined  by  the  development  of  a  brown  or  black 
color,  if  0.25  Gm.  of  the  powder  be  heated  with  5  Cc.  of  sulphuric 
acid  for  5  minutes  on  a  water-bath. 

The  Pharmacopoeia  also  directs  the  preparation  of  effervescent 
citrated  caffeine  to  contain  4  per  cent,  of  the  salt;  this  preparatioi 
is  made  according  to  the  general  directions  for  granular  effervescent 
salts,  and  has  been  considered  on  pages  409  and  410. 

Oinchomdine  Sulphate.  (0,9H22N20)2H^S04  +  3H,0.— Cinchon- 
idine  is  one  of  the  four  important  alkaloids  found^  among  a  large 
number  (32),  in  cinchona  bark,  and  occurs  in  greater  proportion  in 
the  so-called  red  bark,  derived  from  cinchona  succirubra,  than  in 
others.  The  sulphate  is  obtained  from  the  mother-liquors  left  in  the 
manufacture  of  quinine  sulphate,  and  is  purified  by  fractional  err.^ 
tallization.  The  official  salt,  containing  but  three  molecules,  7.29  r- 
per  cent.,  of  water  of  crystallization,  is  the  result  of  using  a  hot,  con- 
centrated solution,  for  if  the  salt  be  crystallized  from  weaker  solu- 
tions it  will  contain  six  molecules,  or  14.6  per  cent,  of  water. 

Absolute  purity  of  the  commercial  salt  is  not  practicable,  nor 
demanded  by  the  Pharmacopoeia,  hence  a  slight  fluorescence  is  some- 
times observed  in  solutions  of  the  salt  made  with  diluted  sulphuric 
acid.  The  official  test  with  Rochelle  salt  and  ammonia  water  de- 
pends upon  the  insolubility  of  cinchonidine  tartrate,  the  tartrate?  d 
cinchonine  and  quinidine  being  dissolved  and  reprecipitated  upiiQ 
addition  of  ammonia. 

OinGhonidine  SaU^ylcUe,  CigHjjNjO.HCyH^Oj.-^This  salt,  al- 
though not  officially  recognized,  has  been  used  extensively  by 
physicians,  and  may  be  prepared  by  direct  union  of  the  alkaloiJ 
and  acid.  A  neutral  solution  should  be  made  in  hot  water  or 
diluted  alcohol  and  allowed  to  crystallize  upon  cooling ;  the  salt  i> 
sparingly  soluble  in  cold  water. 
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Oinchonine  Stilphate,  (0^^!ELJSfi)JB^O^  +  2H2O.— The  usual 
pn)cess  for  making  this  salt  is  to  dissolve  the  alkaloid  cinchonine 
in  warm  diluted  sulphuric  acid  until  the  acid  is  neutralized  and 
then  concentrate  and  crystallize  the  solution.  The  Pharmacopoeia 
requires  the  absence  of  more  than  5  per  cent,  of  water  of  crystalliza- 
tion. Cinchonine  sulphate  may  be  readily  distinguished  from  cin- 
chonidine  sulphate  by  its  greater  solubility  in  chloroform,  requiring 
not  over  69  parts  for  solution,  while  the  latter  requires  about  900 
parts  at  25°  C.  (77°  F.). 

Cocaine,  O^THnNO^  or  09Hj3(08Hj,00)N0.0000H^.— The  leaves 
of  erythroxylon  coca  contain  a  number  of  basic  principles,  all  deriv- 
atives of  ecgonine,  C9H15NO3,  of  which  cocaine  is  the  most  import- 
ant;  other  non-crystallizable  bases  are  truxilline  or  isatropylcocaine 
(known  also  as  ax^amine),  CigHjjNO^,  hygrine,  CigHuN,  and  cinn- 
amylcocaine,  CigH^O^.  Cocaine  appears  in  the  plant  united 
wilii  ooca-tannic  acid.  The  processes  employed  for  the  isolation  of 
<xx»ine  are  usually  guarded  as  secrets  by  manufacturers,  and  it  -  is 
known  that  large  quantities  of  the  alkaloid  are  now  prepared  syn- 
thetically, owing  to  the  difficulty  of  extracting  pure  cocaine  in 
Temunerative  quantities  from  the  drug. 

When  finely  powdered  coca  leaves  are  moistened  with  solution  of 
sodium  hydroxide  and  then  treated  with  petroleum  ether,  kerosene, 
or  gasolin,  the  alkaloids  present  are  liberated  and  taken  up  by  the 
menstruum,  from  which  tney  can  be  transferred,  as  salts,  to  diluted 
sulphuric  acid,  through  intimate  contact  by  agitation.  If  to  this 
acid  solution  solution  of  soda  be  added  in  excess,  cocaine  mixed  with 
Bome  of  the  lesser  alkaloids  will  be  precipitated,  the  bulk  of  the 
hygrine,  however,  remaining  in  solution ;  the  crude  cocaine  may 
be  removed  by  filtration  and  expression  and  purified  by  crystalliza- 
tion from  alcohol.  As  the  yield  of  cocaine  is  known  to  decrease 
materially  by  transportation,  no  doubt  owing  to  decomposition,  the 
result  of  fermentation  in  the  imperfectly  dried  and  tightly  packed 
leaves,  the  bulk  of  the  natural  alkaloid  is  now  manufactured  in 
South  America,  in  places  adjacent  to  the  source  of  gathering  the 
leaves,  processes  of  extraction  very  similar  to  the  above  being 
employed. 

In  order  to  avoid  loss  of  the  decomposition-products  and  other 
alkaloids  accompanying  cocaine  in  the  crude  article,  the  pure  alka- 
loid is  now  extensively  prepared  by  synthesis,  in  the  following 
manner,  which  is  possible,  since  the  chemical  constitution  of  cocaine 
is  definitely  known  to  be  methyl-benzoyl-ecgonine.  Boiling  the 
Tnixed  bases  w^ith  hydrochloric  acid  converts  them  all  into  ecgonine, 
C^ia^Og,  and  if  ecgonine  hydrochloride,  CgH^NOjHCl,  be  dissolved 
in  methyl  alcohol  and  the  solution  treated  with  dry  hydrochloric 
acid  gas,  hydrochloride  of  methyl-ecgonine,  CgHj^CHjNOgHCl, 
^?rill  be  formed  and  can  be  crystallized  from  an  alcoholic  solution. 
By  heating  this  latter  compound  with  benzoyl  chloride,  CgHjCOCl, 
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in  a  water-bath,  until  hydrochloric  acid  is  no  longer  evolved  and  a 
homogeneous  mass  results^  cocaine  is  obtained^  which  is  freed  from 
benzoic  acid  by  solution  in  water^  filtration^  precipitation  of  the  alb- 
loid  with  ammonia,  and  recr}'stallization  from  alcohol.  Synthetic 
cocaine  is  identical  in  every  respect  with  the  natural  alkaloid. 

The  purity  of  cocaine  may  be  determined  by  its  melting-poiDt, 
which  is  SS""  C.  (208.4°  F.),  and  after  conversion  into  the  hydro- 
chloride by  the  tests  given  under  that  salt  The  only  use  to  which 
the  alkaloid  is  put  pharmaceutically  is  for  the  preparation  of  the 
official  cocaine  oleate,  which  is  a  5  per  cent,  solution. 

Oocaine  Hydrochloride.  OitHjiNO^.HOL — This  salt  is  prepared 
by  dissolving  the  pure  alkaloid  cocaine  in  alcoholic  solution  of  hydra- 
chloric  acid  and  crystallizing  the  anhydrous  salt^  which  latter  only  is 
recognized  in  the  Pharmacopoeia. 

The  most  important  tests  for  the  purity  of  the  salt  are  the  official 
tests  with  potassium  permanganate,  and  with  ammonia  water,  and 
Stockman's  test  with  hot  hydrochloric  acid.  By  means  of  the  fir-t 
test  it  is  intended  to  detect  chiefly  cinnamylcocaine,  which  is  com- 
pletely destroyed  by  potassium  permanganate,  whereas,  in  its  absence, 
the  pink  color  of  cocaine  permanganate  remains  permanent  for  thirty 
minutes  and  over.  The  test  with  ammonia  water,  also  known  a.< 
Maclagan's  test,  is  intended  to  detect  the  presence  of  more  than 
slight  traces  of  isotropyloocaine,  and  depends  upon  the  ready  pnxMpi- 
tation  of  cocaine  alkaloid  in  crystalline  form,  when  0.2  Co.  of  1^^ 

Eer  cent,  ammonia  water  is  added  to  a  solution  of  0.1  Gm.  of  cocaine 
vdrochloride  in  85  Cc.  of  distilled  water  and  the  mixture  actively 
stirred  with  a  glass  rod;  if  within  15  minutes  crystallized  cocaire 
does  not  separate,  or  if  the  solution  upon  the  addition  of  ammonia 
water  at  once  assumes  a  milky  turbidity,  isotropylcocaine  and  otbr 
impurities  are  present.  The  presence  of  0.5  per  cent,  of  isotropyl- 
cocaine will  prevent  the  formation  of  nearly  all  the  precipitate  and 
cause  the  liquid  to  be  opalescent.  If  pure  cocaine  hydpochloriclc  1* 
carefully  warmed  in  a  test-tube  with  about  four  times  its  w«pht  cf 
strong  hydrochloric  acid,  until  the  mixture  begins  to  boil,  a  col<»rlts> 
solution  results  ;  the  degree  of  color,  if  there  l)e  any,  is,  in  a  nua** 
ure,  an  indication  of  the  amount  of  impurities  present ;  the  C(»h>r 
thus  obtained  should  never  exceed  that  of  a  pale-wine  tint. 

Other  cocaine  salts,  such  as  the  borate,  citrate,  lactate,  nitrate, 
stearate,  etc.,  have  been  put  upon  the  market  by  manufactunRC 
chemists,  but  their  use  is  very  limited. 

Codeine.     Q,^;SO^  +  H^O  or  Q^^jpSQjSO^  -h  HjO.— This 

alkaloid  is  obtained  from  opium,  where  it  exists  to  the  extent  ff 
0.1  to  2  ]>er  cent,  along  with  morphine,  by  treatment  of  an  aque(»n5 
infusion  of  opium  with  chalk  and  calcium  chloride,  whereby  codeine 
and  morphine  hydrochlorides  are  formed  and  can  he  purified  l-y 
repeated  crystallization.   If  a  solution  of  these  crystals  be  treated  with 
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ammonia^  morphine  will  be  precipitated,  while  codeine  remains  in 
solntion  and  may  be  recovered  by  crystallization ;  if  potassium  or 
sodium  hydroxide  be  used  in  place  of  ammonia,  codeine  will  be  pre- 
cipitated, the  morphine  remaining  in  solution.  Large  quantities  of 
codeine  are  now  made  synthetically  from  morphine  by  methylation, 
which  is  effected  by  allowing  methyl  iodide  or  chloride,  or  sodium 
methylsulphate,  to  act  upon  an  alkaline  solution  of  the  latter  alka- 
loid. 

Codeine  crystallizes  from  an  aqueous  solution  with  one  molecule 
(5.67  per  cent.)  of  water,  which  constitutes  the  official  article ;  if 
crystallized  from  ether  or  carbon  disulphide,  it  is  anhydrous.  Its 
crystals  are  larger  than  those  of  any  other  alkaloid  and  are  soluble 
in  88  parts  of  water. 

Chemically,  codeine  is  closely  allied  to  morphine,  as  shown  by  the 
formula,  C17H18CH3NO3,  which  differs  from  that  of  morphine  by  a 
methyl  group,  hence  the  name  methyl-morphine.  It  differs,  however, 
from  morphine  in  its  behavior  toward  certain  reagents  and  may  be 
readily  distinguished  from  that  alkaloid  by  the  tests  given  in  the 
Pharmacopoeia.  When  heated  with  strong  hydrochloric  acid,  in 
a  sealed  tube,  both  alkaloids  yield  apomorphine,  but,  if  heated  to 
180^  C.  (356®  F.)  with  a  concentrated  solution  of  zinc  chloride, 
codeine  yields  apocodeiney  CigHigNOj,  whilst  morphine  again  yields 
apomorphine.  The  name  codeine  is  derived  from  the  Greek  word 
xwdtta,  meaning  head,  referring  to  the  source  of  the  alkaloid,  poppy 
heads. 


Codeine  Phosphate,  OigHsiNOjHsPO^  +  2H2O. — This  salt  may  be 
obtained  by  dissolving  the  alkaloid  codeine  in  a  mixture  of  pnos- 

Ehoric  acid  and  water,  and  precipitating  the  newly  formed  compound 
J  addition  of  alcohol ;  it  may  then  be  recrystallized  after  solution 
in  hot  water.  The  quantity  of  water  of  crystallization  taken  up  by 
the  salt  is  not  uniform,  thus,  while  the  official  salt  of  our  Pharma- 
copoeia contains  2  molecules  or  8.32  per  cent,  of  water,  that  of  the 
British  Pharmacopoeia  contains  but  6.37  per  cent. 

Codeine  phosphate  is  soluble  in  less  than  2^  times  its  weight  of 
water,  forming  an  acid  solution.  It  represents  65  per  cent,  of  its 
weight  of  codeine,  and  responds  to  all  the  tests  given  in  the  Pharma- 
copoeia for  that  alkaloid. 

Codeine  Sulphate,  (0^8H2iN03)2H2SO^  +  SttjO.— If  codeine  be 
dissolved  in  warm  water,  the  solution  exactly  neutralized  by  addition 
of  diluted  sulphuric  acid,  and  then  concentrated  by  evaporation  and 
set  aside,  codeine  sulphate  of  the  above  composition,  containing  about 
11.5  per  cent,  of  water,  will  crystallize  out.  The  salt  contains 
about  76  per  cent,  of  codeine  and  is  far  less  soluble  than  codeine 
phosphate,  but  yields  a  neutral  solution,  requiring  30  times  its  weight 
o£  ^ater  at  25^  C.  (77°  F.). 
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Colchicine,  OaHj^NO,  or  0,,H,o.(OOH,)3.NHOOOH,.OOOOH^- 

Although  colchicine  was  discovered  in  1820,  its  true  chemical  nature 
was  not  determined  until  nearly  seventy  years  later. 

The  pure  alkaloid  may  be  prepared  by  the  following  process,  which 
is  based  upon  the  fact  that  it  is  capable  of  forming  a  cnrstalline 
compound  with  chloroform  :  Colchicum  seed  are  exhausted  with  hot 
90  per  cent,  alcohol,  the  alcohol  recovered  by  distillation,  the  residue 
treated  with  water  equal  in  quantity  to  \  of  the  weight  of  the  drag 
used,  and  filtered  for  the  removal  of  resin,  wax,  and  fatty  matter. 
The  clear,  dark-brown  filtrate  is  well  shaken  with  four  successive 
portions  of  chloroform,  which  are  united  and  distilled,  the  rteidue 
being  again  dissolved  in  water  and  shaken  with  chloroform.    From 
the  latter  solution  crude  colchiciue-chloroform  separates  upon  evapo- 
ration of  the  solvent  and  is  dissolved  in  alcohol,  the  solution  being 
again  concentrated  by  distillation.     A  third  treatment  with  chloro- 
form yields  a  yellow  solution,  which  is  evaporated  on  a  water-bath, 
and  the  residue  treated  with  lukewarm  ether  and  set  aside,  when 
pure   colchicine   chloroform,   having  the  composition   CaH^NO,.- 
2CHCI3,  will  separate  in  the  form  of  faintly  yellowish  needle^aped 
crystals,  which  are  decomposed  in  the  presence  of  water  when  heated 
to  100°  C.  (212°  F.),  the  chloroform  escaping  and  leaving  pure 
colchicine  in  aqueous  solution,  from  which  it  may  be  obtained  as  an 
amorphous  mass  by  evaporation  to  dryness  or  in  form  of  lamellseby 
spreading  the  concentrated  solution  on  plates  of  glass  and  dn^ng. 

Colchicine  is  more  soluble  in  water  tlian  any  other  alkaloid,  requir- 
ing but  22  parts  at  25°  C.  (77°  F.). 

The  salts  of  colchicine  are  not  very  stable.  The  one  most  used  is 
the  salicylate,  C22H25NO5.HC7H5O3,  made  by  moistening  a  mixture 
of  20  parts  of  colchicine  and  7  parts  of  salicylic  acid  with  water 
and  subsequently  drying  the  same.  It  is  a  yellow  amorphous  powder, 
soluble  in  water  and  alcohol. 

The  name  colchuial  has  been  given  to  a  solution  of  colchicine  in 
methvl  salicylate,  dispensed  in  gelatin  capsules,  each  containing 
0.00025  Gm."^of  the  alkaloid  and  0.2  Gm.  of  the  methyl  ester. 

Homatropine  Hydrobromide,  O^^i'SOjBBr. — ^This  salt,  which 
resembles  atropine  in  its  physiological  effects,  is  obtained  by  heat- 
ing a  concentrated  neutral  solution  of  tropine  mandelate  for  several 
days  on  a  water-bath  with  about  half  its  volume  of  12  per  cent, 
hydrochloric  acid.  A  part  of  the  tropine  mandelate  remains  intact 
and  a  part  yields  homatropine,  whicn  combines  with  the  hydn^ 
chloric  acid,  forming  a  salt,  which  is  subsequently  decomposed  with 
ammonia  water  and  the  liberated  alkaloid  extracted  with  chlorofomi. 
The  chloroformic  solution  is  freed  from  water  with  anhydrous  potas- 
sium carbonate,  and  then  distilled,  yielding  a  syrupy  liquid,  which 
congeals  to  a  crystalline  mass,  and  may  be  exactly  neutralized  with 
diluted  hydrobromic  acid.  The  salt  thus  formed  may  be  further  puri- 
fied by  repeated  crystallization  from  alcoholic  solution.   Homatropine 
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hydrobromide  may  be  distinguished  from  atropine  by  treating  with 
fuming  nitric  acid,  evaporating  the  mixture  to  dryness,  and  add- 
ing to  the  residue  some  freshly  prepared  alcoholic  solution  of  potas- 
sium hydroxide,  when  homatropine  gives  a  reddish-yellow  color, 
while  atropine  causes  a  violet  color.  Another  test  depends  upon  the 
fact  that  while  atropine  and  hyoscyamine  hydrobromides  are  soluble 
in  all  proportions  in  chloroform,  the  homatropine  salt  is  very  spar- 
ingly soluble  in  that  liquid.  The  melting-point  of  the  pure  alka- 
loid homatropine,  obtained  by  means  of  solution  of  sodium  hydroxide 
and  extraction  with  ether,  is  19  degrees  lower  than  that  of  atropine 
and  12  degrees  lower  than  that  of  hyoscyamine,  being  only  96*^  C. 
(204.8®  F.).  The  mydriatic  effects  of  homatropine  salts  are  of  far 
shorter  duration  than  those  of  atropine,  and  a  solution  instilled  into 
the  eye  does  not  cause  dryness  of  the  throat  and  fauces,  as  in  the 
case  of  atropine  salts.  The  hydrochloride,  sulphate,  and  salicylate 
of  homatropine  have  also  been  used. 


OjiHjiNOg. — This  body  must  not  be  confounded 
with  the  mixture  of  resinoid  substances  sold  under  a  similar  name, 
hydrastin.  The  alkaloid,  hydrastine,  occurs  in  the  root  of  hydrastis 
canadensis,  golden  seal,  associated  with  berberine,  and  in  commerce 
is  frequently  designated  as  the  white  alkaloid  of  hydrastis.  Exactly 
how  hydrastine  exists  in  the  drug  was,  for  a  long  time,  uncertain, 
some  authorities  contending  that  it  is  combined  with  an  acid,  and 
others  that  it  exists  free.  According  to  investigations  by  Dohme 
and  Engelhardt  (1895),  a  portion  of  the  alkaloid,  about  20  per  cent. 
of  the  total  yield,  exists  in  a  free  state,  the  remainder  being  in  com- 
bination with  an  acid,  the  nature  of  which  has  not  yet  been  deter- 
mined. While  formerly  supposed  to  be  present  only  in  small  pro- 
portions, hydrastine  has  been  shown  to  occur  frequently  to  the  extent 
of  2.33  per  cent,  in  the  fresh  or  3.14  per  cent,  in  the  dried  root. 

In  extracting  hydrastine  for  commercial  purposes  it  becomes 
necessary  first  to  remove  the  berberine.  Tnis  is  best  done  by 
adding  a  large  excess  of  sulphuric  acid  to  an  alcoholic  tincture  of 
hydrastis  root ;  after  three  or  four  hours  a  mass  of  crystals  of  ber- 
berine sulphate  will  have  separated,  and  to  the  supernatant  liquid, 
after  filtration,  ammonia  water  is  added  until  the  liquid  is  but 
slightly  acid.  Having  removed  the  accumulated  ammonium  sul- 
phate by  straining,  the  liquid  is  concentrated  to  a  syrupy  consist- 
ence and  poured  into  ten  times  its  bulk  of  cold  water,  whereby  fat 
and  resinous  matter  are  precipitated.  To  the  solution  of  crude 
hydrastine  sulphate  separated  by  filtration,  ammonia  water  is  then 
added  in  excess  and  the  impure  hydrastine  collected,  which  may.  be 
purified  by  resolution  in  diluted  sulphuric  acid,  reprecipitation  by 
Ammonia,  and  repeated  crystallization  from  alcohol. 

Hydrastine  is  a  weak  base,  melting  at  135°  C.  (275°  F.),  which, 

^^irhile  readily  soluble  in  acidulated  water,  forms  difficultly  crystal- 

lizable  salts.     It  may  be  distinguished  from  hydrastinine  by  the  blue 
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fluorescence  developed  when  a  crystal  of  the  alkaloid  is  dissolved  m 
diluted  sulphuric  acid  and  a  10  per  cent,  solution  of  potassium 
permanganate  then  added.  Hydrastine  is  extensively  used  in  pre- 
paring the  so-called  "  colorless  hydrastis,"  which  is  a  solution  of  the 
alkaloid  in  a  mixture  of  water  and  glycerin  with  the  aid  of  hvdro- 
cbloric  or  sulphuric  acid. 

Hydrastinine    Hydrochloride,    OhHuNOsHOI.— The    alkaloid 

hydrastinine  does  not  occur  in  any  plant,  but  is  an  artificial  base 
obtained  by  oxidation  of  hydrastine — the  white  alkaloid  found  in 
hvdrastis — by  means  of  nitric  acid.  The  mixture  of  hydrastine  and 
nitric  acid  is  moderately  heated  to  50°  or  60°  C.  (122°  to  140^  F.) 
until  ammonia  water  no  longer  causes  precipitation.  The  reaction 
taking  place  produces  hydrastinine  and  opianic  acid,  the  latter  ens- 
tallizing  out  on  cooling  of  the  solution,  while  hydrastinine  is  snbee- 
quently  precipitated  in  crystalline  form  upon  supersaturation  of  the 
filtrate  with  solution  of  potassium  hydroxide. 

Although  hydrastinine  hydrochloride  is  of  light-yeUowish  or 
yellowish- white  color,  pure  white  alkaloid  will  separate  after  some 
time  from  a  solution  of  0.2  Gm.  of  the  salt  in  3  Cc.  of  water  to 
which  4  or  5  drops  of  a  15  per  cent,  solution  of  sodium  hydroxide 
have  been  added  slowly,  the  mixture  being  shaken  after  each  addi- 
tion. 

The  salt  is  very  soluble  in  water  and  alcohol ;  its  aqueous  solution 
is  not  precipitated  by  addition  of  ammonia  water,  differing  in  this 
respect  from  the  salts  of  hydrastine. 

Hyoscine  Hydrobromide,  C^^^OJiniT  +  SHjO.— Hyoscine  i$ 

an  amorphous  alkaloid,  occurring  in  die  plants  belonging  to  the 
natural  order  of  the  Solanaceae,  associated  with  hyoscyamine  and 
atropine.  It  is  found  in  largest  quantity,  about  -^  or  -^  ^f^ 
cent.,  in  the  seed  of  hyoscyamus  and  the  leaves  of  the  duboisia. 
For  commercial  purposes  hyoscine  is  obtained  from  either  of  the 
above  sources,  chiefly  henbane  seed,  by  exhausting  the  drug  with  HO 
per  cent,  alcohol,  recovering  the  alcohol  by  distillation,  and  setting 
the  residue  aside  for  several  days,  when  a  fatty  layer  separates  from 
the  aqueous  solution  of  the  mixed  bases  in  combination  Mrith  organic 
acids.  By  addition  of  alkali  carbonate  to  the  aqueous  solution,  the 
alkaloids  are  liberated  and  may  be  abstracted  by  agitation  with 
ether.  Upon  evaporation  of  the  ether  a  syrupy  liquid  is  obtained, 
from  which  nearly  all  the  hyoscyamine  present  crystallizes  out ;  the 
hyoscine  may  be  isolated  from  the  mother-liquor  by  converting  it 
into  an  aurocnloride,  separating  the  same  by  fractional  crystallization, 
redissolving  in  water,  and,  after  removal  of  the  gold  by  means  of 
hydrogen  sulphide,  precipitating  the  hyoscine  from  the  filtrate,  bj 
alkali  carbonate,  in  the  form  of  an  oily  layer,  which  may  be  purified 
by  solution  in  chloroform  and  evaporation  of  the  solvent.    Hyoscine 


ALKALOIDS.  735 

usually  occurs  as  an  amorphous  mass,  but  whenperfectly  pure  crys- 
tallizes in  prisms  which  melt  at  59^  C.  ^138.2°  ¥.). 

The  official  salt  may  be  obtained  by  dissolving  hyoscine  in  a  very 
slight  excess  of  diluted  hydrobromic  acid,  concentrating  the  solution, 
and  allowing  it  to  crystallize.  It  contains  about  12.5  per  cent,  of 
water. 

Hyoscine  is  chemically  indentical  with  the  alkaloids  duhoisine, 
obtained  from  duboisia  myoporoides,  and  scopolamine,  obtained  from 
several  varieties  of  scopola ;  it  also  occurs  m  belladonna  and  stra- 
monium. Although  the  title  hyoscine  hydrobromide  is  still  recog- 
nized in  the  United  States  and  British  Pharmacopoeias,  the  German 
Pharmacopoeia  has  adopted  in  its  stead  the  title  scopolamine  hydro- 
bromide  for  this  salt,  which  latter  is  used  as  a  synonym  in  the  British 
Pharmacopoeia.  The  salt  scopolamine  hydrobromide  is  separately 
recognized  in  our  own  Pharmacopoeia,  but  accompanied  by  the  state- 
ment that  the  salt  is  chemically  identical  with  hyoscine  hydrobromide. 
Kecent  published  statements  make  it  appear  as  if  commercial  scopo- 
lamine may  be  a  mixture  and,  after  all,  not  identical  with  hyoscine. 

Hyoscyamine    Hydrobromide,    Oi^HoNOsHBr. — The   alkaloid 
hyoscyaraine  was  discovered  about  1883  and  is  officially  recognized 
in  the  French  Pharmacopoeia.     It  is  an  isomer  of  atropine,  being 
readily  converted  into  the  same,  and  is  easily  altered  by  alkalies  and 
contact  with  heat,  hence  all   manipulation  and  heating  must  be  re- 
duced to  a  minimum  during  its  isolation.     Hyoscyamine  may  be 
obtained  from  the  mother-liquors  left  after  the  manufacture  of  atro- 
pine, or  direct  from   henbane  seed,  as  outlined  in  the  extraction  of 
hyoscine,  or  as  follows:  Hyoscyamus  seed  having  been  freed  from  fatty 
matterby  treatment  with  petroleum  benzin  and  dried  are  exhausted  with 
85  per  cent,  alcohol.     The  tincture  after  acidulation  with  hydrochloric 
acid  is  concentrated  in  a  vacuum  apparatus  and  filtered,  the  filtrate 
being  again  treated  with  petroleum  benzin  and  then  rendered  alkaline 
Tvith  potassium  carbonate,  after  which  it  is  shaken  out  with  chloroform. 
Upon  evaporation  of  the  chloroformic  solution  at  a  low  temperature, 
the  hyoscyamine  is  obtained  as  a  gummy  mass  and  may  be  purified  by 
solution  in  dilute  sulphuric  acid,  filtering,  and  crystallizing.     From 
the  sulphate  thus  obtained,  the  alkaloid  is  liberated  by  making  an 
aqueous  solution  alkaline  and  extracting  with  chloroform,  whicli  then 
yields    hyoscyamine    upon    evaporation.     Although     crystallizable, 
hyoscyamine  usually  occurs  in  commerce  in  an  amorphous  condition. 
The  exact  relation  between  hyoscyamine  and  atropine  was  revealed 
in   1902  by  Amenomiya,  a  Japanese  chemist,  who  succeeded  in  con- 
verting atropine  into  dextro-  and  IjBvorotatorv  hyoscyamine ;  further 
<]etails  of  this  subject  may  be  found  in  the  National  Standard  Dis- 
pensnioryy  page  796. 

Hyoscyamine  hydrobromide  may  be  prepared  by  dissolving  10 
-psLTts  of  the  alkaloid  in  11  parts  of  25  per  cent,  hydrobromic  acid, 
ooocentrating  the  solution,  and  crystallizing.     It  occurs  both  in  the 
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form  of  white  crystals  and  a  yellowish-white  amorphous  resin-like 
mass  and,  being  deliquescent,  should  be  preserved  in  tightly-stop- 
pered vials. 

Hyoscyamine    Sulphate.     (Oi7H23N03)2H^04.  —  This  salt  is 

obtained  by  dissolving  hyoscyamine  in  sufficient  diluted  sulphuric 
acid  to  form  a  neutral  solution,  which,  after  proper  concentration, 
is  allowed  to  crystallize.  Both  this  and  the  preceding  salt  nmv  be 
distinguished  from  the  corresponding  salts  of  atropine  by  fonning, 
upon  addition  of  gold  chloride  test-solution  a  precipitate,  which 
yields,  when  recrystallized  from  boiling  water  acidulated  with 
hydrochloric  acid,  minute  lustrous,  golden-yellow  scales,  while  the 
atropine  salts  yield  crystals  forming  a  yellow,  lustreless  powder, 
on  drying. 


Oi^HjgNOs  +  HjO.— This  is  the  most  important  of 
the  large  number  of  alkaloids  found  in  opium,  and,  as  before  stated, 
was  the  first  basic  principle  isolated  from  plants.  It  was  called  by 
its  discoverer  morpAiwm,  after  the  Greek  deity  MoptpBu^j  the  God  of 
sleep,  on  account  of  its  sleep-producing  properties. 

Morphine  is  present  in  opium  in  varying  quantities,  reaching  as 
high  as  12  or  14  per  cent,  in  some  samples  of  commercial  opiom 
not  dried  ;  the  Pharmacopoeia  recognizes  no  undried  opium  contain- 
ing less  than  9  per  cent,  of  morphine,  and  demands  from  12  to  12.'j 
per  cent,  in  the  powdered  article.  It  was  formerly  supposed  to 
exist  in  combination  with  meconic  acid  only,  but  is  now  ioiown  to 
be  present  lai^ly,  if  not  altogether,  as  sulphate. 

Morphine  for  commerce  may  be  obtained  in  several  ways ;  the 
natural  salts  being  soluble  in  cold  water,  opium  is  exhausted  with 
this  menstruum,  and  the  infusion,  after  concentration,  treated  either 
with  sodium  carbonate  or  with  chalk  and  calcium  chloride;  the 
latter  process  is  preferable,  since  meconic  acid  and  coloring-matters 
are  precipitated  as  lime  compounds,  while  the  alkaloids  are  converted 
into  soluble  chlorides.  After  filtration  the  filtrate  is  concentrated, 
and  yields  a  crystalline  mass  of  morphine  and  codeine  chlorides ; 
narcotine  remains  in  solution  in  the  dark-colored  mother-liquors ; 
the  crystals  are  purified  by  resolution  in  water,  filtration  through 
animal  charcoal,  and  recrystallization.  Finally,  the  mixed  salts  are 
dissolved  in  water  and  decomposed  by  addition  of  ammonia  water, 
whereby  the  morphine  is  precipitated,  the  codeine  remaining  in 
solution.  The  morphine  is  subsequently  recrystallized  from  hot 
alcohol.  Other  methods  are  known,  and  manufacturers,  probablv 
in  each  case,  follow  some  favorite  process. 

The  alkaloid  morphine  is  rarely  used  in  pharmacy,  except  in  the 
preparation  of  the  various  oleates  of  morphine.  The  official  article 
contains  about  5.94  per  cent,  of  water  of  crystallization,  which  ii 
readily  loses  at  110°  C.  (230°  F.),  but  parts  with  very  slowly  at 
the  temperature  of  a  boiling-water  bath.     Owing  to  the  solubility 
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of  morphine  in  solutions  of  the  fixed  alkali  hydroxides  and  insolu- 
bility in  ether,  as  well  as  its  characteristic  reactions  with  oxidizing 
agents,  it  is  readily  distinguished  from  other  alkaloids. 

Of  late,  several  derivatives  of  morphine  have  come  to  use  in  medi- 
cine under  copyrighted  names ;  of  these  the  following  are  best  known : 

Dionin,  or  Eihylmorphine  Hydrochloride^  Ci7Hi7NO(OH)OC2H5- 
HCl,  occurs  as  a  white,  odorless,  crystalline  powder,  very  soluble  in 
water  and  alcohol,  but  nearly  insoluble  in  ether  and  chloroform.  It 
is  obtained  by  treating  morphine  with  ethyl  iodide  in  the  presence 
of  caustic  soda,  and  finally  dissolving  the  resulting  new  base  in 
diluted  hydrochloric  acid. 

Heroin^  or  Diacetylmorphine^  0,711,7X0(0211302)2. — This  com- 
pound is  the  result  of  heating  morphine  alkaloid  with  acetyl  chloride ; 
the  product  is  washed  with  water  and  weak  sodium  carbonate  solu- 
tion, and  finally  crystallized  from  alcohol.  A  white,  odorless,  crys- 
talline powder  of  bitter  taste  and  alkaline  reaction,  it  is  practically 
insoluble  in  water,  but  dissolves  readily  with  the  aid  of  acids,  prefer- 
ably acetic  acid. 

Peronirij  or  Benzylmorphine  Hydrochloride ,  0,7H,gNO3(06H50H2)- 
HCl. — If  benzyl  chloride  be  allowed  £0  act  on  morphine,  hydro- 
chloric acid  is  split  off,  which  unites  with  the  newly  formed  benzyl- 
morphine,  producing  a  white  salt  to  which  the  name  peronln  has 
been  given.  The  compound  is  soluble  in  water  and  in  diluted 
alcohol,  more  readily  when  warmed,  but  is  insoluble  in  ether  and 
chloroform. 

Morphine  Acetate.     0,7H,„N03H02H302  +  SHjO.— This  salt  i^ 

Srepared  by  dissolving  the  alkaloid  morphine  in  a  slight  excess  of 
iluted  acetic  acid  and  evaporating  the  solution  to  dryness  with  the 
aid  of  a  moderate  heat,  so  as  to  avoid  decomposition.     It  never 
occurs  in  a  crystalline  form  on  the  market,  but  always  in  powder 
form.     Morphine  acetate  is  easily  decomj^sed  by  heat  or  exposure 
t/y  air,  and  the  partial  insolubility  of  the  salt  sometimes  observed  is 
clue  to  such  change,  caused  either  by  carelessness  during  evaporation 
of   the  solution  or  exposure  to  air  and  light ;  when  such  a  condition 
exists  a  drop  or  two  of  diluted  acetic  acid  should  be  added  to  pro- 
duce perfect  solution.    This  salt  is  preferred  by  German  practitioners 
of    medicine,  while  in  Great  Britam  the  hydrochloride  is  given  the 
preference,  and  in  this  country  the  sulphate;  of  the  three  salts,  the 
ac^etate  is  the  most  soluble  in  water. 

Morphine  Hydrochloride.  Oi^HigNOsHGl  +  SHjO.— By  using 
diluted  hydrochloric  acid  as  a  solvent  for  morphine  alkaloid  a  solu- 
tion of  this  salt  is  obtained  which,  upon  concentration,  yields  well- 
defined  crystals  containing  14.38  per  cent,  of  water;  an  excess  of 
should  be  avoided,  as  the  salt  is  very  stable  and  must  hav^ 
xieutral   reaction.      As  made  in  this  country,  morphine  hydro^ 
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chloride  occurs  in  large  masses  of  feathery  crystals,  and  is  more 
bulky,  weight  for  weighty  than  the  sulphate.  It  can  be  rendered 
perfectly  anhydrous  at  a  temperature  of  100°  C.  (212®  F.). 

Morphine  Sulphate.  {QJSL^^O^^Jl^O^  +  6H,0.  —  Next  to 
quinine  sulphate  there  is  probably  no  alkaloidal  salt  more  exten- 
sively used  by  physicians  than  tliis  one,  and,  unfortunately,  its 
unauthorized  use  among  the  laity  is  on  the  increase  in  this  countzy, 
owing  to  the  lack  of  sufficient  legal  restrictions  and  the  cupidity  of 
certain  pharmacists  and  dealers  in  drugs.  Like  the  two  preoediog 
salts,  morphine  sulphate  is  made  from  the  alkaloid  by  aissolving 
the  same  m  sufficient  diluted  sulphuric  acid  to  form  a  neutral  solu- 
tion and  setting  this  aside  to  crystallize.  The  official  salt  contains 
11.87  per  cent,  of  water  of  crystallization,  of  which,  however,  only  a 
part,  7.12  per  cent,  can  be  expelled  at  the  temperature  of  a  boiling- 
water  bath. 

An  aqueous  solution  of  morphine  sulphate  is  largely  used  in  some 
parts  of  this  country  under  the  name  Magendi^s  Solution  ;  it  contains 
16  grains  of  the  salt  in  each  fluidounce,  which  is  equal  to  about  ^ 
of  a  grain  in  each  minim.  As  aqueous  solutions  of  morphine  sulphate 
do  not  keep  well  for  any  length  of  time,  one-half  grain  of  salicylic 
acid  has  been  used  in  each  fluidounce  of  this  solution  ^dth  excellent 
results.  Prior  to  1880,  a  solution  of  morphine  sulphate  was  officially 
recognized  in  the  Pharmacopoeia ;  this  solution  contained  only  one 
grain  of  the  salt  in  each  fluidounce,  and  must  not  be  confounded  with 
Magendie's  solution. 

Of  the  unofficial  salts  of  morphine  the  hydrobromide,  dtzate, 
meconate,  phthalate,  tartrate,  and  valerate  have  been  employed. 
Morphine  tartrate,  (CiyHj^NOJAHeO,  +  3H,0,  is  official  in  the 
British  Pharmacopoeia,  which  authority  also  recognizes  a  solutvxi 
of  the  salt  containing  0.010  Gm.  in  1  Cc.  or  1  grain  in  110  minims. 

Pelletierine  Tannate. — Under  this  title  the  Pharmacopceia  reoz- 
nizes  a  mixture  in  varying  proportions  of  the  tannates  oi  four  alka- 
loids obtained  from  the  bark  of  pomegranate.  The  four  alkaloid- 
are  pelletierine,  isopelletierine,  methylpelletierine,  and  pseudopelle- 
tierine,  also  known   as  punicine,  isopunidne,  methylpunidne,  and 

Eseudopunicine,  the  former  names  being  preferred  and  given  in 
onor  of  the  French  chemist,  Pelletier. 
To  obtain  the  mixture  of  alkaloids  designated  as  pelletieriiw 
tannate,  the  ground  bark  is  mixed  with  milk  of  lime,  transferred  to 
a  percolator,  and  exhausted  with  water.  The  resulting  infusion  is 
shaken  out  with  chloroform,  and  the  chloroformic  solntion  of  ft« 
alkaloids  then  shaken  out  with  very  dilute  sulphuric  acid.  If  to  a 
neutral  solution  of  the  mixed  sulphates  a  solution  of  tannic  acid  be 
added,  the  sparingly  soluble  tannates  will  be  precipitated  and  ane 
subsequently  dried. 
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Commercial  pelletierine  tannate  occurs  as  a  light-yellow,  odorless, 
amorphous  powder,  possessing  an  astringent  taste  and  a  weak  acid 
reaction.  It  contains  a  small  amount,  about  7  per  cent.,  of  moisture 
^nd  requires  about  235  parts  of  water  for  solution.  Being  a  mix- 
ture of  alkaloidal  tannates,  no  formula  can  be  given  for  its  composi- 
tion. Pure  pelletierine,  CgHi^NO,  which  can  be  extracted  from  the 
above  mixture,  is  a  colorless,  volatile  liquid,  having  stmng  basic 
pi-operties  and  forming  crystallizable  salts  with  acids.  It  is  soluble 
in  23  parts  of  water  and  when  exposed  to  air  undergoes  oxidation 
and  turns  dark. 

Physostigmine  Salicylate  or  Eserine  Salicylate,  O^^Rii^s^f 

O^Sfiy — The  alkaloid  physostigmine  occurs  in  calabar  beans  to  the 
extent  of  rarely  more  than  one-sixth  of  1  per  cent.,  and  its  isolation 
requires  considerable  care,  owing  to  its  ready  decomposition.     The 
usual  method  of  extraction  is  to  exhaust  the  powdered  bean  with  85 
per  cent,  alcohol  and  concentrate  the  tincture  in  a  vacuum  apparatus 
to  a  syrupy  consistence ;    the  resulting   extract   separates  into  an 
upper  layer,  consisting  of  fat,  etc.,  and  a  lower,  aqueous  solution 
of  the  natural  salts  of  the  alkaloids.     By  treating  the  aqueous  layer 
with  sodium  bicarbonate,  and  then   repeatedly  snaking  with  ether, 
the  liberated  physostigmine  may  be  extracted ;  the  ethereal  solution 
is  next  treated  with  diluted  sulphuric  acid,  so  as  to  obtain  a  solution 
of  the  alkaloid  as  sulphate,  leaving  impurities,  fat,  resin,. etc.,  in  the 
ethereal  liquid.     The  pure  alkaloid  is  finally  obtained  by  decom- 
posing the  sulphate  with  sodium  bicarbonate,  extracting  again  with 
«ther  and  crystallizing.     Heat  must  be  avoided  as  far  as  possible, 
also  the  use  of  strong  alkalies,  as  in  the  case  of  the  mydriatic  and 
other  easily  decomposable  alkaloids. 

Physostigmine  salicylate  may  be  prepared  by  neutralizing  a  solu- 
tion of  the  alkaloid  in  absolute  alcohol  with  pure  salicylic  acid ;  the 
4salt  gradually  separates  in  needle-shaped  crystals,  free  from  color, 
i^hich  can  be  then  drained  and  dried. 

Some  of  the  salts  of  physostigmine  and  their  aqueous  solutions 
Teadily  assume  a  reddish  color  when  exposed  to  light  and  air,  hence 
thej  must  be  dispensed  in  tightly  closed  amber  vials;  the  name 
rul>ere8erine  has  been  given  to  the  red  substance  thus  formed.  The 
Balicylate  is  less  liable  to  change  by  exposure  to  light  than  the  other 
salts;  but,  owing  to  its  lesser  solubility  in  water,  is  not  as  much 
£i«fed  as  the  sulphate. 

The  name  eserincy  by  which  physostigmine  is  also  known,  was 
-derived  from  the  word  es^e,  meaning  split  nut,  the  name  applied 
bv  the  African  negroes  to  the  calabar  bean.  Calabarine  is  the  name 
given  to  another  alkaloid  present  in  the  bean,  which,  however,  is 
insoluble  in  ether. 

Physostigmine    Sulphate,   (0,.,H2iN302)2H2S04.— The   prepara- 

of  this  salt  has  already  been  indicated  above  in  connection  with 
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the  extraction  of  the  alkaloid  from  the  drug ;  by  carefollj  neatral- 
izing  an  alcoholic  solution  of  physostigmine  with  sulphuric  acid  aod 
concentrating  the  solution  to  a  syrupy  liquid^  at  moderate  tempera- 
ture^  crystals  of  the  salt  may  be  obtained.  The  Pharmacopoeia 
describes  physostigmine  sulphate  as  a  white  or  yellowish-whiie 
crystalline  powder,  but  the  commercial  article  is  rarely  entirdy  free 
from  color,  generally  occurring  in  yellowish,  amorphous,  very  hygro- 
scopic masses. 

This  and  the  preceding  salt  may  be  distinguished  from  each  other 
by  adding  platinic  chloride  test-solution  to  an  aqueous  solutiouof  the 
salt,  when  a  yellowish- white  precipitate  will  be  formed  in  the  cas^  of 
the  sulphate,  but  no  precipitate  at  all  in  the  case  of  the  salicylate. 
Both  salts  are  used,  in  the  form  of  solution  and  gelatin  disks,  for  tlie 
purpose  of  producing  myosis  or  contraction  of  the  pupil  of  the  eye. 

Pilocarpine  Hydrochloride,  Q^JSL^^fifiQl. — The  pure  alka- 
loid pilocarpine  is  recognized  in  the  French  Pharmacopoeia  and  may 
be  obtained  by  moistening  finely  ground  pilocarpus  leaves  Mith  a 
solution  of  sodium  carbonate  and  extracting  with  warm  benzenu 
The  benzene  solution  is  shaken  out  with  diluted  hydrochloric  aci«i, 
and  after  separation  the  acid  liquid  is  made  alkaline  with  sodium 
carbonate  and  shaken  out  with  chloroform.  Upon  evaporation  of 
the  chloroformic  liquids  a  mixture  of  crude  alkaloids  results,  which 
is  neutralized  by  means  of  nitric  acid,  evaporated  to  dryness,  and 
purified  by  repeated  crystallization  from  alcohol.  Finally,  the  pil^ 
carpine  nitrate  is  dissolved  in  water,  the  solution  made  alkaline  with 
ammonia  water,  and  shaken  out  with  chloroform ;  the  latter  solution. 
upon  evaporation,  yields  the  pure  alkaloid  in  the  form  of  a  coIorU^-, 
strongly  basic,  syrupy  liquid,  soluble  in  water,  alcohol,  and  chloR*- 
form,  but  scarcely  soluble  in  ether. 

Pilocarpine  hydrochloride  is  made  by  neutralizing  diluted  liydn- 
chloric  acid  with  pure  pilocarpine,  concentrating  the  solution  an-l 
setting  the  same  aside  to  crystallize  over  sulphuric  acid,  or  the?'»Iu- 
tion  may  be  evaporated  to  dryness,  when  the  salt  will  be  obtaineJ  i:- 
a  crystalline  powder.  The  salt  is  deliquescent  on  exposure  to  air 
and  when  triturated  with  an  equal  weight  of  calomel  forms  a  l»l-'k 
mixture.  The  Pharmacopoeia  mentions  the  following  special  tt^t  a- 
characteristic  of  the  salts  of  pilocarpine :  Dissolve  0.01  toO-OtJCini- 
of  the  salts  in  2  Cc.  of  water  in  a  test-tube,  add  2  Ca  of  a  soluri«».'i 
of  hydrogen  peroxide  (slightly  acid),  and  carefully  pour  on  top  <»i^ 
the  liquid  a  small  layer  of  benzene ;  then  add  3  or  4  drops  of  a  <  J-* 
per  cent,  solution  of  potassium  dichromate  and  shake  gently.  Ti>^ 
benzene  layer  will  turn  violet,  while  the  aqueous  layer  will  wxsiin 
yellow.  (If  more  than  0.02  Gm.  is  used,  the  benzene  tarns  bliK. 
and  the  reaction  is  no  longer  characteristic.) 

The  salts  of  pilocarpine  are  used  chiefly  as  diaphoretics  and  sw'p 
gogues,  but  also  possess  decided  myotic  properties,  like  thos?  o* 
physostigmine. 
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Pilocarpine  Nitrate,  OuHieN,02.HNOs.— This  salt  may  be 
obtained  as  described  above  in  the  manufacture  of  pure  pilocarpine^ 
or  by  neutralizing  diluted  nitric  acid  with  the  pure  alkaloid.  After 
a  neutral  solution  has  been  secured,  the  same  is  slowly  evaporated  to 
dryness,  redisaolved  in  hot  alcohol,  and  allowed  to  crystallize. 

Pilocarpine  nitrate  differs  from  the  hydrochloride  in  being  perma- 
nent in  the  air  and  in  not  forming  a  black  mixture  when  triturated 
with  an  ei^ual  weight  of  calomel.  It  responds  to  the  special  test 
mentioned  in  the  preceding  article. 


le.    O^fi^JOi'h  SH^O.  — ^This  is,  no  doubt,  the  most  impor- 
tant and  extensively  used  of  all  alkaloids.     It  occurs  to  a  varying 
extent  in  the  different  species  of  cinchona,  the  yield  having  increased 
greatly  with  careful  cultivation  of  the  trees  in  India,  Java,  etc.    The 
hoses  present  in  cinchona  bark  exist  in  combination  with  quinic  or 
kinic,  quinovic,  and  cinchotannic  acids,  and  are  usually  extracted  by 
means  of  acidulated  water.  *^The  infusion  is  concentrated  and  mixed 
with  milk  of  lime,  whereby  the  alkaloids  are  liberated,  while  the 
calcium  compounds  of  the  organic  acids  are  precipitated  together 
with  much  coloring-matter.    By  straining  the  mixture  and  exhaust- 
ing the  residue  repeatedly  with  boiling  alcohol,  amyl  alcohol,  petro- 
leum benzin,  or  kerosene,  a  solution  of  the  crude  alkaloids  is  obtained, 
irom  which  the  latter  may  be  transferred  as  sulphates  by  treatment 
with  diluted  sulphuric  acid.  /  Another  plan  is  to  mix  the  powdered 
bark  with  solution  of  sodium  hydroxide  or  milk  of  lime,  whereby 
the  natural  combinations  are  broken  up  and  the  alkaloids  liberated ; 
the  mixture  is  then  exhausted,  in  a  suitable   apparatus,  with   hot 
alcohol   or   kerosene,  from  which,  after   proper   concentration,  the 
alkaloids  are  extracted  as  acid  sulphates  by  means  of  sulphuric  acid. 
In  either  case  the  acid  solution  is  treated  with  animal  charcoal, 
and  the  liquid,  while  hot,  after  filtration,  neutralized  with  solution 
of  sodium  hydroxide,  when,  upon  cooling,  neutral  quinine  sulphate 
crystallizes  out  and  may  be  purified  by  resolution,  recrystallization, 
etc.     The  other  alkaloids,  including  also  small  quantities  of  quinine 
sulphate,  remain  in  the   mother-liquor  and   may  be   recovered   as 
stated  elsewhere. 

From  the  purified  quinine  sulphate  the  alkaloid  may  be  obtained 
bj  precipitation  with  sodium  hydroxide,  or  ammonia  water  in  very 
slight  excess,  after  solution  of  the  salt  in  water  with  the  aid  of 
an  acid. 

OflScial  quinine  alkaloid  contains  about  14.3  per  cent,  of  water  of 
orvstallization,  and  melts  at  a  comparatively  low  temperature,  57°  C. 
(134.6^  F.);  at  100°  C.  (212°  F.)  about  two-thirds  of  the  water  is 
expelled,  but  it  does  not  become  anhydrous  until  a  temperature  of 
123^  C  (257°  F.)  is  reached.  The  commercial  article  varies  con- 
siderably in  appearance  and  solubility,  due,  no  doubt,  to  different 
methods  of  manufacture;  some  is  crumbly,  compact,  and  idio- 
^lectric,  dissolving  slowly  in  alcohol  and  even  dilute   acids,  while 
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another  lot  is  lights  possesses  no  electric  tendency^  and  dissolves 
readily. 

The  official  test  for  the  presence  of  appreciable  quantities  of  other 
cinchona  alkaloids  depends  U[x»n  the  greater  solubilty  of  quinine 
alkaloid  in  ammonia  water,  0.5  Gm.  of  the  freshly  precipitated 
alkaloid  being  soluble  in  6  Cc.  of  10  per  cent,  ammonia  water  at 
15°  C.  (59®  F.).  The  increased  quantity  of  ammonia  water  allowrf 
by  the  Pharmacopoeia  in  case  the  maceration  of  the  quinine  sulphate 
with  water  has  been  made  at  a  temperature  above  15*^  C.  (59°  F.)  i* 
necessary,  since  a  greater  quantity  of  the  salt  will  have  been  dis- 
solved. In  the  official  test  0.5  Cc.  of  ammonia  water  is  allowed 
for  every  degree  centigrade  (1.8®  F.)  above  the  prescribed  tempera- 
ture.    In  each  case  a  clear  solution  should  result. 

Quinine  Bisnlphate.    0,^V[fifijSO^  +  TH^O.— When  neutral 

quinine  sulphate  is  dissolved  in  water  with  the  calculated  necessary 
quantity  of  sulphuric  acid  an  acid  salt  will  be  formed,  which  can  hi 
obtained  of  the  above  composition  by  crystallization.  Its  solution 
in  water  shows  a  strong  blue  fluorescence  and  has  a  strong  acid 
reaction.  The  salt  contains  a  larger  proportion  of  water  of  ctjs- 
tallization,  23  per  cent,,  than  other  quinine  salts,  which  it  loses  if 
heated  to  the  temperature  of  boiling  water.  It  is  soluble  at  25°  CV 
(77°  F.)  in  8.5  parts  of  water,  18  parts  of  alcohol,  or  18  parts  of 
glycerin. 


Quinine  Hydrobromide.     Oa,H44N,02HBr  +  H^O.— This 

also  known  in  commerce  as  quinine  bromide,  can  be  made  by  din- 
solving  the  alkaloid  quinine  in  warm  diluted  hydrobromic  acid  until 
neutralized  and  crystallizing  the  solution.  It  has  also  been  obtained 
by  double  decomposition  between  an  aqueous  solution  of  potassium 
bromide  and  a  warm  alcoholic  solution  of  quinine  sulphate,  the 
resulting  potassium  sulphate  being  precipitated,  while  the  quinine 
hydrobromide  is  subsequently  recovered  oy  crystallization  from  a 
concentrated  solution. 

At  the  temperature  of  boiling  water,  quinine  hydrobromide  lo;^ 
all  its  water  of  crystallization,  4.25  per  cent.  The  salt  is  soluble  al 
25°  C.  (77°  F.)  in  40  parts  of  water,  0.67  part  of  alcohol,  or  8  nam 
of  glycerin.  The  official  test  for  the  presence  of  other  cincKoua 
alkaloids  involves  the  conversion  of  the  quinine  hydrobromide  into 
quinine  sulphate  by  interaction  with  sodium  sulphate,  after  which 
the  test  is  applied  as  in  the  case  of  quinine  sulphate. 

Quinine  hydrobromide  has  been  largely  used  for  hypodermie 
medication. 

Quinine    Hydrochloride.    GaoHjiNsOsHOl  +  2H3O.— Like  t))^ 

preceding  salt,  quinine  hydrochloride  can  also  be  made  by  do«i»if 
decomposition,  but  is  usually  obtained  by  dissolving  the  alka\i>u\ 
quinine  in  sufficient  diluted  hydrochloric  acid  to  form  a  neutnl 
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solation  and  allowing  this  to  crystallize.  This  salt  differs  from  other 
quinine  salts,  with  exception  of  the  bisulphate,  in  being  the  most 
soluble  in  water,  requiring  only  18  parts  at  25°  C.  (77°  F.) ;  it  is 
also  soluble  in  0.6  part  of  alcohol  or  8  parts  of  glycerin.  More- 
over, it  does  not  exhibit  the  usual  blue  fluorescence  of  quinine 
salts  in  concentrated  solutions,  unless  acidulated  with  sulphuric 
acid ;  an  excess  of  hydrochloric  acid  does  not  affect  it.  Commer- 
cially the  salt  is  sometimes  called  muriate  of  quinine. 

As  in  the  case  of  quinine  hydrobromide,  this  salt  is  converted  into 
the  sulphate  by  means  of  sodium  sulphate  before  the  test  for  the 
presence  of  other  cinchona  alkaloids  is  applied. 

Quinine  Salicylate.  20^fiJXfiiM0^fl^  +  H^O.— This  salt  may 
be  prepared  by  neutralizing  an  alcoholic  solution  of  quinine  with 
salicylic  acid  and  allowing  the  solution,  after  concentration,  to  crys- 
tallize ;  it  can  also  be  obtained,  as  a  curdy  precipitate,  by  mutual 
decomposition  between  solutions  of  quinine  hyorochloride  and  sodium 
salicylate,  which  can  be  dissolved  m  alcohol  and  crystallized  in  an 
anhydrous  state. 

Quinine  salicylate  contains  2  per  cent,  of  water  of  crystallization, 
and  is  soluble  in  77  parts  of  water,*  11  parts  of  alcohol,  or  16  parts 
of  glycerin. 

In  the  official  test  for  the  presence  of  other  cinchona  alkaloids,  the 
salt  is  first  decomposed  with  ammonia  water  and  the  quinine  extracted 
with  ether ;  the  latter  is  then  dissolved  in  diluted  sulphuric  acid,  and 
the  resulting  quinine  sulphate  recovered  by  evaporation.  After  this 
the  test  with  ammonia  water  may  be  applied  under  the  same  con- 
ditions as  stated  under  Quinine  Sulphate. 

Quinine  Sulphate.    {O.Jl^V[fi;)fifiO^  +  TH^O.— The  official 
salt   is  the  neutral  sulphate,  although  termed  by  some  basic  sul- 
phate;  it  is  also  known  as  quinine  disulphate,  but  this  term  is 
incorr^t  and  should  not  be  used,  diquinine  sulphate  indicating  the 
true  chemical  composition.    The  manufacture  of  this  most  important 
alkaloidal  salt  has  already  been  explained  in  connection  with  the 
preparation  of  quinine  alkaloid.     In  order  to  insure  a  large  yield  of 
the  salt  it  is  necessary  that  the  hot  solution  from  which  it  is  to  crys- 
tallize be  of  a  neutral  reaction ;  the  sulphates  of  the  other  alkaloids 
present  are  all  far  more  soluble  in  cold  water  than  quinine  sulphate, 
and  will,  therefore,  almost  wholly  remain  in  the  mother-liquors. 
Small  quantities  of  the  lesser  alkaloids  are  no  doubt  always  present 
in  the  commercial  article,  but  should  not  be  detectable  by  the  official 
test  with  ammonia  water  ;  the  United  States  Pharmacopoeia  fixes  po 
percentage  limit  of  impurities,  which  in  the  British  Pharmacopoeia  is 
placed  at  3  per  cent,  of  impure  cinchonidine. 

The  official  test  with  ammonia  water,  known  as  Kemer's  test, 
depends  upon  the  greater  solubility  of  the  sulphates  of  the  other 
cinchona  alkaloids  in  cold  water  and  the  greater  solubility  of  quinine 
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alkaloid  in  ammonia  water.  As  already  stated  under  Quinine,  the 
larger  quantity  of  ammonia  water  allowed  by  the  Pharmacopoeia  is 
made  necessary  in  case  the  maceration  of  the  salt  is  conducted  at  a 
higher  temperature,  because  more  of  the  salt  will  be  taken  up  by 
the  water.  While  not  more  than  6  Cc.  of  ammonia  water  is 
allowed  for  0.5  Gm.  of  quinine  sulphate,  if  macerated  at  15°  C 
(59°  F.)  to  produce  a  clear  solution  of  the  pure  alkaloid,  an  in- 
crease of  0.5  Cc.  is  permitted  for  1°  C.  (1.8°  F.)  increase  in  tan- 
l)erature  during  maceration.  De  Vrij  and  Schaefer  have  shown  that 
a  considerable  percentage  of  leaser  cinchoma  alkaloids  may  escape 
detection  by  Kemer's  test ;  hence  the  German  Pharmacopoeia  has 
adopted  a  modification  by  Kerner  and  Weller,  which  consists  in 
digesting  in  a  test-tube  2  Gm.  of  quinine  sulphate  dried  at  40°  or 
50°  C.  (104°  or  122°  F.)  with  20  Cc.  of  distilled  water  at  60°  or 
65°  C.  (140°  or  149°  F.)  for  30  minutes,  with  frequent  agitation. 
The  tube  and  contents  are  then  cooled  and  kept  at  a  temperature  of 
15°  C.  (59°  F.)  for  two  hours,  with  frequent  agitation,  after  which 
the  mixture  is  filtered ;  5  Cc.  of  the  filtrate  should  yield  a  clear 
solution  with  4  Cc.  of  10  per  cent,  ammonia  water.  This  test  is 
much  more  severe  than  that  of  the  United  States  Pharmacopoeia, 
and  demands  a  much  purer  salt.  -  Whenever  solutions  of  alkaloidal 
salts  are  filtered  it  should  be  borne  in  mind  that  filter  paper  abstracca 
appreciable  quantities  of  the  salt  from  solution  ;  it  should,  therefore, 
either  be  filtered  through  glass  wool,  or  the  filtrate  through  paper 
should  be  collected  in  fractions  of  5  Cc.  each,  of  which  the  second 
or  third  fraction  only  should  be  used  for  the  above  test 

Chemically  pure  quinine  sulphate  has  been  offered  for  sale  for 
some  time.  This  is  obtained  by  first  preparing  pure  quinine  bisul- 
phate  by  repeated  recrystallization,  ana  then  exactly  neutralizing  a 
hot  aqueous  solution  thereof  with  sodium  carbonate,  when,  upon 
cooling,  pure  quinine  sulphate  will  crystallize  out. 

The  most  convenient  test  for  chemically  pure  quinine  sulphate  is 
either  Schaefer's  test  with  potassium  oxalate  or  DeVrij's  test  with 
potassium  chromate ;  both  depend  upon  the  very  sparing  solubility 
of  the  respective  quinine  salts.  Schaefer's  test  is  made  as  follows : 
1  Gm.  of  official  or  0.85  Gm.  of  anhydrous  quinine  sulphate  is  dis- 
solved in  35  Cc.  of  distilled  water  by  means  of  heat  in  a  small  flask 
previously  tared ;  a  solution  of  0.3  Gm.  of  crystallized  neutral 
potassium  oxalate  in  5  Cc.  of  water  is  then  added,  the  contents  of 
the  flask  made  to  weigh  41.3  Gm.  by  addition  of  distilled  water, 
and  the  mixture  kept  at  a  temperature  of  20°  C.  (68°  F.)  for  thirty 
minutes,  with  occasional  agitation. 

After  filtration  one  drop  of  solution  of  sodium  hydroxide  added  to 
10  Cc.  of  the  filtrate  should  produce  no  turbidity  within  three  or 
five  minutes.  Less  than  1  per  cent,  of  other  cinchona  alkaloids  c&n 
be  detected  by  this  method. 

Quinine  sulphate  can  be  crystallized  with  varying  proportions  of 
water,  the  official  salt  being  allowed  as  much  as  16.18  per  cent     As 
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the  salt  effloresces  upon  exposure,  the  symbolic  formula  given  in  the 
Pharmacopoeia  representing  14.43  +  per  cent,  of  water  probably 
indicates  the  average  composition  of  the  commercial  salt.  Very 
appreciable  loss  of  weight  has  been  observed  in  cases  where  the 
salt  was  preserved  in  paper  boxes,  hence  manufacturers  use  either 
glass  or  tightly  sealed  tin  containers.  It  is  the  least  soluble  of  the 
official  quinine  salts,  requiring  at  25°  C.  (77°  F.)  720  parts  of  water, 
or  86  parts  of  alcohol,  or  36  parts  of  glycerin.  At  60°  C.  (140°F.) 
it  loses  all  but  2  molecules  of  its  water  of  crystallization,  the  re- 
mainder not  being  entirely  expelled  until  a  temperature  of  115°  C. 
(239°  F.)  is  reached. 

The  emerald-green  color  mentioned  in  the  Pharmacopoeia  as  occur- 
ring when  a  dilute  aqueous  solution  of  the  quinine  sulphate  is  mixed 
wim  a  little  bromine  water  and  an  excess  of  ammonia  water  is  due 
to  the  formation  of  a  resinous  body  to  which  the  name  thalleioquin 
(from  the  Greek  word  i9rf>U6c,  a  green  branch)  has  been  given. 
Chlorine  water  may  be  used  in  place  of  bromine  water,  but,  ac- 
cording to  Fliickiger,  the  latter  is  more  sensitive,  detecting  as 
little  as  1  part  of  quinine  in  20,000  of  solution.  The  thalleioquin 
reaction  is  characteristic  of  quinine  salts,  but  is  also  obtained  with 
quinidine. 

The  following  salts  of  quinine  are  not  recognized  in  the  Pharma- 
copoeia, but  are  used  to  some  extent  by  physicians,  and  are  there- 
fore mentioned  here : 

Qmnine  Tannate.     02oH,,^202(OuH,o09)2.— Although  tannic  acid 

is  known  to  precipitate  quinine  from  a  neutral  solution  of  its  salts 

in  water,  this   compouno   is   intentionally  used   by  physicians   on 

account  of  its  very  sparing  solubility,  which  renders  its  bitter  taste 

less  perceptible.     The  salt  is  usually  prepared  by  adding  a  solution 

of  1.8  parts  of  tannic  acid  in  18  parts  of  water  to  a  solution  of  1 

part  of  Quinine  sulphate  in  30  parts  of  water,  made  with  just  suflS- 

c'lent  sulphuric,  or  preferably  acetic,  acid.     Any  excess  of  acid  is 

carefully  neutralized  with  ammonia,  and  the  precipitate  allowed  to 

subside,  then  washed  on  a  filter  with  water,  being  afterward  dried  at 

a  very  moderate  heat.     Quinine  tannate  is  officially  recognized  in 

the  German  Pharmacopoeia. 

Quinine  Valerate.  O^^JXjOr^O^^O^  +  HjO.— This  salt  may 
be  conveniently  prepared  by  dissolving  freshly  precipitated  quinine 
alkaloid  in  warm  water  by  means  of  valeric  acid  and  crystallizing 
the  solution  upon  cooling.  It  is  decomposed  at  the  temperature  of 
boiling  water,  losing  valeric  acid.  / 

Scopolamine    Hydrobromide.      Ci7H2,N04HBr  +  3H,0.  —  As 

already  stated  under  Hyoscine  Hydrobromide,  the  Pharmacopoeia 
considers  the  two  salts  as  chemically  identical.     Although  the  name 
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Was  given  to  the  alkaloid  because  first  found  in  scopola  root^  for 
oommerical  purposes  it  is  probably  made  from  henbane  seed  bv  the 
method  given  on  page  734  for  the  manufacture  of  hyoscine  hydro- 
bromide.  Its  properties  and  reactions  are  the  same  as  those  of  the 
latter  salt. 

Sparteine  Sulphate.    OJS^^SLfiO^  +  6H,0. — Sparteine  is  the 

only  alkaloid  belonging  to  the  class  of  amines  recognized  in  the  Phar- 
macopoeia. It  is  a  liquid  heavier  than  water,  and  has  been  obtained 
by  extracting  scoparius  with  water  acidulated  with  sulphuric  a(^d, 
concentrating  the  infusion,  decomposing  the  salt  with  sodium  hy- 
droxide, and  distilling.  The  distillate  is  supersaturated  with  hydro- 
chloric acid,  evaporated  to  dryness,  and  distilled  with  the  aid  of  potas- 
sium hydroxide ;  first  ammonia  passes  over,  after  which  spirteinedi&^ 
tils  and  condenses  as  a  thick,  oily  liquid.  Another  method  consists 
in  exhausting  the  powdered  drug  with  60  per  cent,  alcohol,  evapor- 
ating the  tincture  at  a  low  temperature,  and  extracting  the  alkaloid 
with  the  aid  of  tartaric  acid ;  the  solution  of  sparteine  tartrate  is 
then  decomposed  with  potassium  carbonate,  and  the  alkaloid  thus 
liberated  abstracted  with  ether.  Pure  sparteine  is  a  colorless  fluid, 
boiling  at  287®  C.  (548.6°  F.)  and  having  an  aniline-like  odor  and 
intensely  bitter  taste.  It  is  easily  decomposed  upon  exposure  to  air 
and  light. 

Sparteine  sulphate  is  prepared  by  neutralizing  the  purified  alka- 
loid with  diluted  sulphuric  acid  and  rapidly  concentrating  the  solu- 
tion, when  colorless  crystals  will  be  obtained.  As  indicated  by  the 
official  formula,  it  is  the  salt  of  a  diacid  base.  The  Pharmaoopyeia 
recognizes  the  presence  of  5  molecules  (21.34  per  cent.)  of  water 
of  crystallisation,  which  compound  is  obtained  by  recrystallizing  the 
salt  from  diluted  alcohol.  Sparteine  sulphate  crystallizes  with  differ- 
ent proportions  of  water  under  varying  conditions,  and  also  occurs  in 
the  form  of  an  anhydrous  salt.  It  is  hygroscopic  and  is  soluble  in  a 
little  more  than  its  own  weight  of  water^  yielding  a  solution  having 
an  acid  reaction  toward  litmus. 

Strychnine.  O21H22N2O2. — This  alkaloid  occurs  in  combination 
with  an  acid  to  which  formerly  the  name  igasuric  acid  was  given, 
but  which  has  been  shown  to  be  a  variety  of  tannic  acid,  similar  ti 
caffeotannic  acid.  It  is  generally  associated  with  bnicine,  in  ih^ 
seed  of  strychnos  nux  vomica  and  other  members  of  the  natural 
order  Loganiacse.  The  proportion  of  strychnine  present  in  the  seed 
varies,  sometimes  reaching  as  high  as  1.8  per  cent. 

To  extract  the  alkaloids  the  powdered  drug  may  be  exhausted  with 
boiling  water  acidulated  with  hydrochloric  or  sulphuric  acid,  whereby 
the  alkaloids  are  obtained  in  solution  as  hydrochlorides  or  sulphates. 
Upon  concentration  of  the  infusion  and  addition  of  milk  of  lime 
the  alkaloids  are  precipitated^  and  by  collecting  upon  a  strainer  an<i 
washing  the  residue  with  water  much  foreign  matter  is  remove<L 
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Subsequent  treatment  of  the  residue  with  cold  diluted  alcohol 
removes  brucine,  the  treatment  being  continued  as  long  as  the 
washings  are  reddened  by  nitric  acid^  after  which  boiling  alcohol  is 
used  to  extract  the  strychnine ;  this,  after  recovery  of  the  alcohol, 
is  converted  into  sulphate  by  solution  in  diluted  sulphuric  acid, 
filtered  through  animal  charcoal,  and  precipitated  with  an  alkali. 

Some  manufacturers  exhaust  the  drug  with  hot  alcohol  of  about 
60  per  cent.,  concentrate  the  tincture,  filter,  and  add  lead  acetate, 
whereby  the  tannic  acid  is  removed  together  with  coloring-matters, 
while  the  alkaloids  remain  in  solution  as  acetates.  After  a  second 
filtration  the  alkaloids  are  precipitated  by  ammonia,  and  may  be 
further  treated  as  above  or  dissolved  in  hot  alcohol,  from  which 
the  strychnine  will  crystallize  on  cooling,  and  may  be  freed  from 
adhering  brucine  by  washing  with  diluted  alcohol. 

Conmiercial  strychnine  occurs  both  in  the  form  of  crystals  and 
powder,  the  latter  being  preferred  for  dispensing  purposes.  Its 
taste  is  so  intensely  bitter  that  it  is  perceptible  if  but  \  grain  be 
dissolved  in  10  gallons  of  water. 

The  blue  color  obtained  when  strychnine  is  added  to  a  solution 
of  potassium  dichromate  and  sulphuric  acid  is  due  to  an  oxidation- 
product,  the  exact  nature  of  which  is  unknown,  as  it  has  not  been 
possible  to  isolate  the  blue  compound  on  account  of  its  evanescent 
character. 

Strychnine  Nitrate.  O^^B^fi^.'SSOy—Thx^  salt  may  be  ob* 
tained  by  diasolving  a  convenient  quantity  of  strychnine  in  sufficient 
diluted  nitric  acid  to  form  a  neutral  solution,  which  is  then  concen- 
trated and  allowed  to  crystallize.  It  is  permanent  in  the  air  and 
somewhat  less  soluble  in  water  than  strychnine  sulphate,  requiring 
about  42  parts  for  solution  at  ordinary  room-temperature.  The  salt 
should  be  free  from  brucine  and  correspond  to  all  the  characteristic  tests 
for  strychnine.  It  contains  a  little  over  84  per  cent,  of  strychnine,  and 
is  therefore  relatively  nearly  10  per  cent,  stronger  than  the  sulphate. 

Strychnine  Sulphate.    {0^;EJSJ[i^^l&0^  +  SH^O,— This  salt  is 

best  prepared  by  dissolving  the  alkaloid  strychnine  in  warm  diluted 
sulphuric  acid,  avoiding  an  excess  of  the  latter  ;  if  a  hot  saturated 
solution  is  obtained,  the  salt  will  crystallize  with  5  molecules  (about 
10.5  per  cent.)  of  water,  as  required  by  the  Pharmacopoeia.  When 
exposed  to  dry  air  the  salt  effloresces,  and  when  heated  to  the  tem- 
perature of  boiling  water  loses  all  of  its  water  of  crystallization.  It 
contains  very  nearly  78  per  cent,  of  strychnine,  and  should  be  sol- 
uble in  31  parts  of  water  at  25°  C.  (77°  F.) ;  the  solubility  is  influ- 
enced by  a  possible  loss  of  water  of  crystallization,  and  hence  the 
salt  must  be  preserved  in  tightly  closed  vials. 

Veratrine. — The  substance  recognized,  both  in  the  Pharmacopoeia 
and  commercially,  by  the  name  veratrine  is  a  mixture  of  alkaloids 
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obtained  from  oevadilla  seed.  The  mixture  of  alkaloids  in  the  seed 
being  very  complex,  no  attempt  is  made  at  separation  in  the  proceAS 
of  extraction.  The  seed,  having  been  crushed,  are  exhausted  by 
repeated  boiling  with  aciduiatea  water  and  the  mixed  decoctions 
evaporated  to  a  syrupy  consistence  and  treated  with  milk  of  lime. 
The  precipitate  thus  obtained  by  decomposition  of  the  natural  salts 
of  the  alkaloids  with  veratric  acid,  and  consisting  of  crude  alkaloids 
and  extractive  matter,  is  extracted  with  alcohol  and  the  latter  re- 
covered from  the  resulting  solution,  after  which  the  residue  is  digested 
with  acetic  acid  in  order  to  bring  the  alkaloids  into  solution  as  ace- 
tates. The  last-named  solution  is  decomposed  with  ammonia  water 
in  excess  and  the  precipitate,  having  been  washed  with  water,  is 
dissolved  in  diluted  hydrochloric  or  sulphuric  acid,  the  solution  d^ 
colorized  with  animal  charcoal  and  again  precipitated  with  an  alkali. 
Finally,  the  precipitate  of  mixed  alkaloids  is  washed  with  water  and 
dried  at  a  moderate  temperature.  This  process  has  the  advantage 
over  others  in  avoiding  tne  extraction  of  fatty  and  resinous  matter. 

The  most  abundant  and  most  important  alkaloid  in  veratrineis 
cevadine,  CsjH^^NOg,  which  may  be  crystallized  from  alcohol  in  the 
form  of  anhydrous  needles.  It  is  exceedingly  toxic  and  very  irri- 
tating to  the  nasal  mucous  membrane.  A  solution  of  cevadine  in 
nitric  acid  assumes  a  violet  color  upon  being  warmed,  which  changes 
to  scarlet-red  on  boiling.  With  cold  sulphuric  acid  cevadine  yields 
a  yellow  solution,  the  color,  however,  changing  to  blood-red  on  wtirm- 
ing.  According  to  Allen,  the  facility  with  which  cevadine  undergoes 
hydrolysis  is  the  cause  of  the  formation  of  much  amorphous  alkaloid 
and  other  products  in  the  extraction  of  trevadilla  seed. 

Besides  cevadine,  veratridine,  C37H53NO11,  named  veratrine  by  its 
discoverers,  Luff  and  Wright,  is  present  in  the  official  veratrine,  and 
also  cevadilline  or  sabadilHne,  C^tH^XOg,  both  of  which  are  amor- 
phous. Sabadine,  Cj^HgjNOg,  and  sabadinine,  Cj^H^NOg,  both  crys- 
tallizable  Alkaloids,  have  also  been  found. 

Owing  to  its  intensely  irritating  effect  upon  the  mucous  mem- 
branes, care  is  necessary  in  handling  veratrine,  and  dampening  with 
alcohol  or  expresed  oil  of  almond  will  be  found  desirable  when  mix- 
ing it  with  other  substances.  Veratrine  is  rarely  used  internally, 
but  mostly  as  oleate  or  ointment. 

Veratrine  is  not  found  in  white  or  green  hellebore,  but  other  alka- 
loids, ye?t;  me,  CjjgHjyNOjj,  and  veratroidiney  C^Jij^'Nfii^  have  been  iso- 
lated from  these  plants. 

Besides  the  foregoing  there  are  a  number  of  alkaloids  and  alka- 
loidal  salts  not  rec(3gnized  in  the  Pharmacopoeia  which  are  of  more 
or  less  interest  to  pharmacists,  and  will,  therefore,  be  briefly  con- 
sidered. 

Arecoline  Hydrobromide.  O^HisNOjHBr. — ^This  salt,  which  i^ 
official  in  the  German  Pharmacopoeia,  may  be  obtained  by  dissolving 
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the  pure  alkaloid  in  diluted  hydrobromic  acid  and  crystallizing  from 
an  alcoholic  solution.  The  alkaloid  arecoline  occurs  in  the  areca  or 
betel  nut  to  the  extent  of  0.1  per  cent.^  and  its  extraction  involves 
a  tedious  and  somewhat  complicated  pnxsess ;  it  is  the  only  one  of 
the  four  alkaloids  found  in  the  areca  nut  which  is  highly  poisonous^ 
and,  while  an  oily  liquid  of  strongly  basic  reaction^  it  is  soluble  in 
water  in  all  proportions. 

Berberine.  0^fi,^^0^. — The  chief  mterest  attached  to  this  alka- 
loid  arises  from  the  fact  that,  while  the  alkaloid  is  soluble  in  water^ 
its  salts  are  difficultly  soluble^  and  are  deposited  in  a  crystalline 
form  from  acid  liquids.  Berberine  occurs  in  several  plants — in 
hydrastis  to  the  extent  of  3  or  4  per  cent.,  from  which  it  may  be 
obtained  by  adding  to  a  concentrated  aqueous  infusion  of  the  drug 
hydrochloric  or  sulphuric  acid  in  excess,  when  the  corresponding 
berberine  salt  will  be  deposited  in  crystals,  which,  after  purification  by 
recry stall ization  from  boiling  water,  may  be  decomposed  by  means  of 
freshly  prepared  lead  hydroxide.  After  filtration  and  concentration 
of  the  filtrate,  berberine  will  separate  as  a  yellow,  crystalline  powder. 

Ooniine.  OjgHiyN. — Conium  owes  its  medicinal  virtues  entirely 
to  the  volatile  alkaloid,  which  is  present  in  the  unripe  fruit  (prob- 
ably combined  with  malic  acid),  to  the  extent  of  0.5  or  0.8  per 
cent.  It  can  be  extracted  by  cxlmusting  the  drug  with  water  acidu- 
lated with  acetic  acid,  evaporating  the  infusion  down  to  an  extract, 
in  a  vacuum  apparatus,  adding  an  alkali  carbonate,  and  distilling. 
By  collecting  the  distillate  in  diluted  sulphuric  acid,  coniine  sulphate 
is  at  once  formed,  which  may  be  freed  from  the  accompanying  ammo- 
nium salt  by  treatment  with  alcohol  and  ether,  in  which  the  latter  is 
insoluble  ;  by  addition  of  an  alkali  to  the  alcohol  and  ether  solution 
and  distillation,  coniine  will  be  isolated,  and  may  be  dissolved  in 
ether,  from  which  it  can  be  obtained  as  hydrochloride,  by  parsing 
dry  hydrochloric  acid  gas  into  the  solution,  the  salt  being  insoluble 
in  ether.  Coniine  hydrochloride  occurs  in  white  crystals,  which  are 
non-deliquescent,  may  be  dried  at  100°  C.  (212°  F.)  without  decom- 
position, and  are  soluble  in  water  and  alcohol. 

Coniine  belongs  to  the  amines,  and  has  been  prepared  syntheti- 
cally by  Ladenburg;  it  has  a  strong  alkaline  reaction  and  a  pene- 
trating, suffocating  odor.  When  pure  it  is  a  colorless,  oily  liquid, 
lighter  than  water,  and  boiling  at  169°  C.  (336.2°  F.). 

Narcotine.  O22H23NO7. — This  substance  occurs  in  opium,  some- 
times to  the  extent  of  10  per  cent,  and  over.  Being  readily  soluble 
in  chloroform  and  ether,  it  is  easily  extracted  from  powdered  opium 
by  maceration  or  percolation  with  either  of  these  solvents,  but,  not 
being  soluble  in  petroleum  benzin,  it  is  not  removed  in  the  present 
official  processes  for  Deodorized  Opium  and  Tincture  of  Deodorized 
Opium.      Narcotine  is  a  very  weak  base  and  does  not  neutralize 
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acids ;  it  exists  in  opium  in  a  free  state,  and,  although  it  forms 
crystallizable  compounds  with  hydrochloric  and  sulphuric  mk^ 
tliese  are  readily  decomposed  by  an  excess  of  water,  and  yield  nar- 
ootine  to  both  ether  and  chloroform  when  shaken  with  these  liquids. 
A  solution  of  narcotine  in  sulphuric  acid  soon  becomes  yellow,  and, 
upon  heating,  turns  red,  and  finally  purple. 

Qtiinidine  Sulphate.    {OJS^fi^^ELfiO^  +  2H2O.— Quinidine 

usually  remains  in  the  mother-liquors  from  the  crystallization  of 
quinine  sulphate,  from  which  it  may  be  obtained  by  adding  a  lai^ 
excess  of  ammonia  water,  whereby  cinchonine  and  cinchonidine  are 
thrown  down,  while  quinidine  remains  in  solution ;  it  can  subse- 

auently  be  precipitated  by  means  of  caustic  soda  and  dissolved  in 
ilutea  sulphuric  acid,  the  resulting  salt  being  purified  by  recrrstal- 
lization.  From  the  purified  alkaloid,  obtained  oy  precipitation  ^ith 
sodium  hydroxide,  the  sulphate  can  be  readily  prepared  by  solution 
in  just  sufficient  warm  diluted  sulphuric  acid  to  neutralize  the  same 
and  crystallizing ;  if  an  excess  of  acid  be  used,  a  salt  differing  from 
the  official  salt  will  be  formed. 

Quinidine  sulphate  somewhat  resembles  official  quinine  sulphate 
in  appearance,  and  has  some  chemical  properties  in  common  with 
it,  but  may  be  distinguished  by  its  greater  solubility  in  water  and 
in  alcohol  and  by  being  precipitated  in  concentrated  aqueous  solution 
by  potassium  iodide.  Its  solutions,  like  those  of  quinine  sulohate, 
form  thalleioquin  and  show  a  blue  fluorescence  when  acidulated  with 
sulphuric  acid. 


CHAPTER    LXI. 

ASSAY  OF  ALKALOIDAL   DRUGS. 

In  view  of  the  fact  that  the  Pharmacopoeia  demands  a  definite 
alkaloid  content  for  seventeen  crude  drugs  and  thirty -three  galenical 
preparations,  a  discussion  of  the  subject  appears  desirable  for  the 
purpose  of  offering  to  students  some  explanation  of  the  o£5cial  and 
other  methods  in  use  for  the  quantitative  determination  of  active 
principles.  In  the  case  of  alkaloidal  drugs  the  valuation  may  be 
made  either  gravi metrically  or  volumetrically,  but  with  accuracy  in 
the  last-named  case  only  if  a  single  alkaloid  is  present,  or  if  the 
exact  proportion  of  the  several  alkaloids  present  be  known. 

The  first  step  in  assaying  alkaloidal  drugs  is  to  extract  them  either 
with  acidulated  water,  or  with   alcohol,  ether,  or  chloroform,  or  a 
mixture  of  two  or  three  of  the  latter-named  liquids,  in  the  presence 
of  an  alkali,  usually  ammonia  water.     In  the  first  case  the  alkaloids 
are  obtained  in  aqueous  solution  as  salts  of  the  particular  acid  used, 
while  in  either  of  the  latter  oases  the  alkaloids  will  be  liberated  by 
the  alkali,  and  be  dissolved  as  free  bases  in  the  respective  solvents. 
If  an  acid  solution  is  obtained  it  is  transferred,  either  direct  or  after 
concentration  to  small  bulk,  to  a  glass  separator,  made  alkaline  with 
ammonia,  or  potassium  or  sodium  hydroxide,  and  shaken  out  with 
chloroform  or  ether,  or  a  mixture  of  the  two  solvents.     If  an  alka- 
line solution,  however,  has  been   obtained,  this  is  shaken  out  in  a 
^parator  with  successive  portions  of  diluted  acid  (1,  3,  or  5  per 
cent.),  whereby  the  alkaloias  are  removed  as  salts  in  aqueous  solu- 
tion, which  latter  is  then  further  treated  as  previously  stated ;  or 
the  alkaline  solution  may  ]ye  evaporated  to  dryness  and  then  treated 
with  weak  dilute  acid,  either  in  tne  cold  or  with  aid  of  a  gentle  heat, 
for  the  purpose  of  getting  rid  of  alcohol  or  chloroform  and  any  fatty 
or  resinous  substances  possibly  held  by  them  in  solution.     Some 
alkaloids,  such  as  aconitine  and  those  obtained  from  the  mydriatic 
drugs,  are  very  sensitive  to  heat,  either  alone  or  in  the  presence  of 
strong  alkalies,  and  hence  a  moderate  temperature,  not  exceeding 
60^  C.  (122®  F.),  must  be  employed,  and  sodium  or  potassium  car- 
bonate is  to  be  preferred  to  the  caustic  alkalies. 

As  a  rule,  10  or  20  Gm.  of  the  drug  in  fine  powder  are  treated  with 
100  or  200  Cc.  of  the  solvent,  and  after  due  maceration  (from  one 
to  six  hours),  with  frequent  agitation,  an  aliquot  part  of  the  fluid  is 
vrithdrawn,  representing  a  definite  weight  (6  or  10  Gm.)  of  the  drug. 
As  it  is  often  very  difficult  to  pour  off  an  aliquot  part  of  the  lighter 
liquid  entirely  free  from  floating  particles,  water  is  added  to  the 
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mixture  (from  10  to  40  Cc,  as  may  be  Decessary)  Just  before  the 
liquid  is  to  be  poured  off,  and  the  mixture  actively  shaken  for  a  few 
minutes,  which  causes  the  powdered  drug  to  ball  together  and  per- 
mits the  separation  of  a  perfectly  clear  upper  layer,  easily  removed 
by  deeantation. 

The  final  solution  of  the  alkaloids  in  ether  or  chloroform,  or  both, 
is  evaporated  to  dryness  and  weighed ;  the  weight  multiplied  by 
100  and  divided  by  the  weight  of  the  drug  represented  in  the  final 
solution  will  express  the  perceuts^  of  alkaloids  in  the  sample  of 
drug  operated  upon.  If  a  volumetric  determination  is  to  bo  made, 
the  residue  of  crude  alkaloid  is  dissolved  in  a  measured  quantity  of 
tenth-normal  acid,  with  the  aid  of  a  moderate  heat  if  necessary, 
sufficient  acid  being  used  to  insure  an  excess,  which  latter  is  then 
determined  by  titration  with  fiftieth-normal  alkali  in  the  presence  of 
a  suitable  indicator,  either  hematoxylin,  cochineal,  or  iodeosin  solu- 
tion, the  latter  being  especially  intended  for  colored  alkaloidal 
residues.  The  object  of  using  alkali  solution  so  much  weaker  than 
the  acid  is  to  enable  the  operator  to  approach  the  end  of  the  reaction 
with  greater  precision,  avoiding  a  large  excess  of  alkali,  and  the 

Quantity  of  such  weaker  alkali  solutions  used  must  be  brought  to 
le  equivalent  of  the  stronger  acid  solution  by  calculation.  Thus 
if  fiftieth-normal  alkali  is  used,  5  Cc.  will  be  equivalent  to  1  Cc.  of 
tenth-normal  acid,  and  hence  the  number  of  cubic  centimeters 
necessary  to  neutralize  the  acid  must  be  divided  by  5  to  find  tlie 
exact  number  of  cubic  centimeters  of  tenth-normal  acid  in  excer^s 
and  if  this  number  be  subtracted  from  the  quantity  of  acid  originally 
used  the  difference  will  indicate  the  quantity  of  acid  neutralized  by 
the  alkaloids.  Havinor  ascertained  the  number  of  cubic  centimeters 
of  tenth-normal  acid  taken  up  by  the  alkaloids,  the  same  is  multiplied 
by  the  factor  representing  the  weight  of  the  respective  pure  alkaloids 
equivalent  to  one  cubic  centimeter  to  find  the  total  quantity  of  alka- 
loid in  the  residue,  fn)m  which  the  percentage  of  alkaloid  present  in 
the  sample  of  drug  is  readily  calculated  as  shown  al)ove. 

The  following  list  indicates  the  quantity  of  some  of  the  leading 
alkaloids  (anhydrous)  necessary  to  neutralize  one  cubic  centimeter  of 
tenth-normal  acid : 

Emetine,  0.02453  Gix 

Hvdrastine,  0.03S03  - 

Morphine,  0.0t>«30  " 

PhysoetiRmine,    0.02732  " 

Pilocarpine,  0.02066  " 

Quinine,  0.03218  " 

Strvchnine,  0.03317  ** 

Combined  Alkaloids  of  Cinchona,   0.03069  Gm. 
Combined  Alkaloids  of  Ipecac,        0.02384    " 

An  annoying  feature  sometimes  encountered  in  the  shakinp<«t 
process  of  alkaloidal  solutions  is  the  formation  of  persistent  cmal- 
sions,  which  is  usually  caused  by  too-active  agitation  of  the  content? 


Aconitine, 

0.06406  Gm, 

Atropine, 

0.02870 

u 

Cephaeline, 

0.02314 

u 

Cinchonidine, 

0.02020 

tt 

Cincbonine, 

0.02920 

li 

Cocaine, 

0.03009 

tt 

Coniine, 

0.01262 

it 
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t»l  the  separator.  It  may  be  avoided,  in  a  large  measure,  by  invert- 
ing' the  separator  several  times  and  then  carefiilly  rotating  the  same, 
without  agitation,  so  as  to  cause  successive  fresh  surfaces  of  the 
immiscible  liquids  to  be  intimately  ground  together^  whereby  the 
alkaloids  will  be  transferred  perfectly  fn)m  one  liquid  to  another. 
The  use  of  a  large  volume  of  chloroform  or  ether,  as  the  case  may 
be,  in  proportion  to  the  volume  of  aqueous  fluid,  also  tends  to  pre- 
vent the  formation  of  emulsions,  or  a  small  quantity  of  alcohol  may 
be  added  to  the  aqueous  solution  before  the  admixture  of  ether  or 
chloroform,  and  has  proved  successful  in  many  cases,  especially  if 
the  alkaloidal  solution  is  to  be  evaporated  to  dryness  and  subsequently 
redissolved  in  acid  water.  If  an  emulsion  has  been  formed,  several 
pirns  may  be  tried  to  cause  separation,  as  follows  :  If  the  alkaloidal 
solvent  is  heavier  than  water,  more  of  the  solvent  and  a  small 
qu  *.ntity  of  water  and  alcohol  should  be  added  ;  and  if  the  solvent 
be  lighter  than  water,  suflRcient  sodium  chloride  solution  may  be 
added  to  cause  separation.  Slight  emulsions  are  usually  broken  up 
if  a  glass  rod  be  introduced  as  far  as  the  bottom  of  the  emulsion 
and  then  repeatedly  twirled  and  slowly  drawn  upward.  If  the 
ethereal  or  chloroforraic  liquid  is  not  to  be  evaporated  subsequently, 
a  little  stearic  acid  fused  on  a  piece  of  stifle  wire  may  be  twirled  in 
the  emulsion  with  good  eflect. 

In  every  case  of  alkaloidal  determination  the  operator  must  con- 
vince himself  that  all  the  alkaloid  present  in  the  sample  has  been 
extracted  and  that  none  be  lost  during  the  several  steps  of  the 
process ;  this  is  best  done  by  means  of  Mayer's  Solution  (mercuric 
potassium  iodide  test-solution),  which  produces  with  acid  solutions 
of  the  alkaloids  a  cloudiness  or  precipitate,  depending  on  the  amount 
of  alkaloid  present.  When  this  test  is  applied  all  alcohol,  chlo- 
roform, or  ether  must  be  removed  from  the  liquid  before  Mayer's 
Solution  is  added,  otherwise  the  reaction  will  not  be  visible  on  account 
of  the  solvent  effect  of  the  substances  named.  The  proper  mode  of 
procedure  is  to  place  a  small  quantity  of  the  liquid  to  be  tested,  0.5 
or  1  Co.,  in  a  test-tube  or  glass  dish,  and,  if  alkaline,  make  acid  by 
the  addition  of  sufficient  dilute  sulphuric  acid ;  then  warm  gently 
to  drive  off  any  alcohol  or  chloroform  and  add  a  few  drops  of  the 
rea^nt.  If  no  cloudiness  appears  upon  holding  the  tube  or  dish 
against  a  dark  background  all  traces  of  alkaloid  are  absent.  The 
test  should  be  applied  particularly  when  transferring  alkaloids  in 
separators  from  one  liquid  to  another,  as  from  an  alkaline  to  an 
acid  fluid,  or  vice  versa,  in  the  shaking-out  process. 

For  the  convenience  of  students  the  official  methods  for  the  assay 
of*  drugs  and  their  preparations  are  here  given,  together  with  such 
eoxnnienta  as  may  seem  desirable. 
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ASSAY  OF  ACONITE  AND  ITS  PBEPARATIONS. 

The  Pharmacopoeia  requires  tliat  when  tested  by  the  official 
method  of  assay ,  given  below^  aconite  shall  contain  not  less  than 
0.5  per  cent,  of  aconitine;  fluidextract  of  aconite,  0.4  Gm.  of 
aconitine  in  100  Cc. ;  tincture  of  aconite  in  0.045  Gm.  of  acoDitiDe 
in  100  Cc. 

It  must  be  borne  in  mind  that  aconitine  is  easily  decomposed  by 
application  of  a  high  heat,  and  hence  evaporation  of  its  solutions 
should  be  conducted  at  a  moderate  temperature.  The  addition  of 
about  5  Gm.  of  powdered  pumice  to  the  liquid  before  evaporation  in 
the  three  following  methods,  as  suggested  by  A.  B.  Stevens,  will  be 
found  to  facilitate  solution  of  the  residue  in  the  acid  and  also  sub- 
sequent filtration. 

Assay  of  Aconite. — Introduce  10  Gm.  of  aconite,  in  No.  60  pow- 
der, into  a  200  Cc.  Erlenmeyer  flask,  add  75  Cc.  of  a  mixture  of  alco- 
hol, 7  parts,  and  distilled  water,  3  parts  (by  volume),  stopper  the  flask 
securely,  and  agitate  it  at  intervals  during  4  hours.  After  placing 
a  plug  of  cotton  in  the  bottom  of  a  small  cylindrical  glass  percolator 
(25  MnoL.  in  diameter),  carefully  transfer  the  contents  of  the  flask  to 
the  percolator.  When  the  liquid  has  all  passed  tlirough,  continue 
the  percolation  with  more  of  the  same  menstruum  until  150  Cc.  of 
the  percolate  have  been  obtained.  Pour  the  percolate  into  a  shallow 
porcelain  evaporating  dish,  and  evaporate  it  to  dryness  at  a  tempera- 
ture not  exceeding  60°  C.  (140°  F.).  Add  5  Cc.  of  ^  sulphuric 
acid  solution  and  10  Cc.  of  distilled  water.  When  the  extract  is  dis- 
solved, filter  the  liquid  into  a  separator,  washing  the  dish,  and  filter 
with  about  40  Cc.  of  distilled  water.  When  this  has  passed  through, 
add  25  Cc.  of  ether  and  2  Cc.  of  ammonia  water  to  the  separator, 
and  agitate  for  one  minute.  Draw  off  the  lower  layer  into  a  fla^k, 
and  filter  the  ethereal  solution  into  a  beaker.  Return  the  contents 
of  the  flask  to  the  separator,  add  15  Cc.  of  ether,  and  agitate  for 
one  minute.  Draw  off  the  lower  layer  into  the  flask,  and  filter  the 
ethereal  solution  into  the  beaker.  Repeat  the  shaking  out  with  two 
other  portions  of  10  Cc.  each  of  ether.  Evaporate  the  combintnl 
ethereal  solutions  to  dryness,  and  dissolve  the  residue  in  3 
Cc.  of  y^  sulphuric  acid  solution.  Add  to  the  solution  5 
drops  of  cochineal  test-solution,  and  then  carefully  run  in  A 
potassium  hydroxide  solution  until  a  pink  color  is  produowL 
Divide  the  number  of  Cc.  of  J^  potassium  hydroxide  solution  used 
by  5,  subtract  this  number  from  3  (the  3  Cc.  of  -^  acid  usedl 
multiply  the  remainder  by  0.064,  and  this  product  by  10  (ormal- 
tiply  at  once  by  0.64),  which  will  give  the  percentage  of  alkaloid  in 
the  aconite. 

Assay  of  Fluidextract  of  Aconite.— Pour  10  Cc  of  fluidejctract 
of  aconite  into  an  evaporating  dish  and  evaporate  carefully  to  diyness 
on  a  water-bath  at  a  temperature  not  exceeding  60°  C.  (140°  R). 


ASSAY  OF  ALKALOWAL  DRUGS.  755 

Add  5   Cc.  of  Y^  sulphuric  acid  and   10  Cc.  of  distilled  water. 
When  the  extract  is  dissolved,  filter  into  a  separator,  washing  the 
dish,  and  filter  with  about  40  Cc.  of  distilled  water.     To  the  con- 
tents of  the  separator  add  25  Cc.  of  ether  and  2  Cc.  of  ammonia 
water,  and  agitate  for  one  minute.     Draw  off  the  lower  layer  into  a 
flask  and  filter  the  ether  into  a  beaker.     Return  the  aqueous  fluid 
to  the  separator,  add  15  Cc.  of  ether,  and  agitate  a  minute.     Again 
draw  off  the  lower  layer  into  the  flask  and  filter  the  ether  into  the 
beaker.     Repeat  the  process  with  2  other  portions  of  10  Cc.  each  of 
ether.     Evaporate  the  ether  to  dryness  and    dissolve    the    resi- 
due   in    3   Cc.   of   y^j-    sulphuric  acid.     Add   to  the   solution    5 
drops  of   cochineal    test-solution,   and  then   carefully  run   in   ^ 
potassium    hydroxide    solution    until    a  pink   color  is   produced. 
Divide  the  number  of  Cc.  of  ^  potassium  hydroxide  solution  used 
by  5,  subtract  this  number  from  3  (the  3  Cc.  of  y^  sulphuric  acid 
used),  multiply  the  remainder  by  0.064,  and  this  product  by  10  (or 
muliply  at  once  by  0.64),  which  will  give  the  weight  in  grammes  of 
iioonitine  in  100  Cc.  of  the  fluidextract  of  aconite. 

Assay  of  Tincture  of  Aconite.— Transfer  100  Cc  of  tincture  of 
aconite  to  an  evaporating  dish  and  evaporate  it  carefully  to  dryness 
at  a  moderate  temperature,  and  assay  the  resulting  extract  by  the 
method  given  above  for  fluidextract  of  aconite,  using  the  same  de- 
tails as  there  directed,  with  the  exception  that  the  multiplication  of 
the  product  by  10  must  be  omitted ;  the  result  will  represent  the 
weight  in  grammes  of  aconitine  contained  in  100  Cc.  of  the  tincture. 

ASSAY    OF   BELLADONNA,     HTOSOTAMUS,    8C0P0LA    AND 
STSAMONIUM  AND    THEIB    PBEPABATI0N8. 

These  four  mydriatic  drugs  containing  practically  the  same  alka- 
loids are  tested  by  the  same  method  of  assay,  and  can  therefore  be 
considered  under  one  general  head.     The  Pharmacopoeia  makes  the 
following  requirements  for  the  crude  drugs  and  their  preparations : 
Belladonna  leaves  should  contain  not  less  than  0.30  per  cent,  of 
total  alkaloids ;  belladonna  plaster,  not  less  than  0.38,  nor  more  than 
0.42,  per  cent ;  belladonna  root,  not  less  than  0.45  per  cent. ;  extract 
of  belladonna  leaves,  1.4  per  cent. ;  fluidextract  of  belladonna  root, 
0.4  Gm.  in  100  Cc. ;  tincture  of  belladonna  leaves,  0.030  Gm.  in 
100  Cc. 

Hyoscyamus  should  contain  not  less  than  0.08  per  cent,  of  total 
alkaloids ;  extract  of  hyoscyamus,  0.3  per  cent. ;  fluidextract  of 
hyoscyamus,  0.075  Gm.  in  100  Cc. ;  tincture  of  hyoscyamus,  0.007 
Om.  in  100  Cc.  As  hyoscyamus  contains  a  very  much  smaller 
percentage  of  alkaloids  than  the  other  mydriatic  drugs,  a  larger 
quantity  of  the  drug  and  also  of  its  preparations  is  required  for 
assay. 

Scopola  should  contain  not  less  than  0.5  per  cent,  of  total  alka- 
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loids ;  extract  of  scopola,  2  per  cent. ;  fluidextract  of  scopola,  0.5 
Gm.  in  100  Cc. 

Stramonium  should  contain  not  less  than  0.25  per  cent,  of  total 
alkaloids;  extract  of  stramonium,  1.0  per  cent;  fluidextract  of 
stramonium,  0.25  Gm.  in  100  Cc. ;  tincture  of  stramonium,  0.025 
Gm.  in  100  Cc. 

Asaay  of  Belladonna  {Leaves  or  Root)^  Scopola,  or  StramomimL 
— Place  10  Gm.  of  the  drug,  in  No.  60  powder,  in  an  Erlenmeyer 
flask  of  100  Cc.  capacity  and  add  50  Cc.  of  a  mixture  of  chlurofonn 
1  part,  and  ether  4  parts  (by  volume).  Allow  the  flask  to  stand  iO 
minutes  after  inserting  the  stopper  securely,  then  add  2  C^  of  am- 
monia water  mixed  with  3  Cc.  of  distilled  water,  and  shake  the  flask 
well  at  frequent  intervals  during  1  hour.  Theu  transfer  as  much  as 
possible  of  the  contents  of  the  flask  to  a  small  percolator,  which  has 
been  provided  with  a  pledget  of  cotton  packed  firmly  in  the  neck 
and  inserted  in  a  separator  containing  6  Cc.  of  normal  sulphuric 
acid  diluted  with  20  Cc.  of  distilled  water.  When  the  liquid  has 
passed  through  the  cotton,  pack  the.  drug  firmly  in  the  percolator 
with  the  aid  of  a  glass  rod,  and  having  rinsed  the  flask  with  10  Cc. 
of  the  chloroform-ether  mixture,  transfer  the  remaining  contents  of 
the  flask  to  the  percolator  by  the  aid  of  several  small  portions  (5  C<».) 
of  the  chloroform-ether  mixture^  and  continue  the  percolation  with 
successive  small  portions  of  the  same  liquid  (in  all  50  Cc).  Xext, 
shake  the  separator  well  for  one  minute,  after  securely  inserting  the 
stopper,  and  when  the  liquids  have  completely  separated,  draw  off 
the  acid  solution  into  another  separator.  Add  to  the  chloroforra- 
ether  mixture  10  Cc.  of  the  sulphuric  acid  mixture  of  the  same 
strength  as  that  previously  used,  agitate  well,  and  again  draw  off  the 
acid  solution  into  the  second  separator ;  repeat  this  operation  once 
again,  drawing  off  the  acid  solution  as  before ;  introduce  into  the 
acid  solutions  contained  in  the  .second  separator  a  small  piece  of  red 
litmus  paper,  then  add  ammonia  water  until  the  liquid  is  distinctly 
alkaline,  and  shake  out  successively  with  three  portions  (15,  15, 
5  Cc.)  of  chloroform  ;  collect  the  chloroform  solutions  in  a  beaker, 
place  it  on  a  water-bath  containing  warm  water,  and  allow  the  chlor->- 
form  to  entirely  evaporate.  Dissolve  the  residue  in  3  Cc.  of  ether 
and  let  this  also  evaporate  completelv.  To  the  alkaloidal  residue 
add  3  Cc.  of  y^  sulphuric  acid  and  5  drops  of  cochineal  te?4- 
solution  (or  iodeosin  test-solution),  then  titrate  the  excess  of  acid  h  iih 
^j^  potassium  hydroxide  solution.  Divide  the  number  of  cnhic 
centimeters  of  -^^  pota.ssium  hydroxide  solution  used  by  5,  sabtract 
the  quotient  from  3  (the  3  Cc.  of  A-  sulphuric  acid  used),  and 
multiply  the  remainder  by  0.0287,  and  this  product  by  10 ;  the  re- 
sult will  be  the  percentage  of  total  alkaloids  contained  in  the  droe. 

Assay  of  Hyoscyamns. — The  same  method  is  employed  tor  the 
assay  of  hyoscyamus  as  for  the  three  preceding  drugs,  except  that 
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on  account  of  the  small  yield  of  alkaloids,  25  Gni.  of  hyoscyamus 
are  used,  the  quantity  of  chloroform-ether  mixture  which  is  added  at 
first  is  increased  from  50  to  100  Cc,  and  the  product  at  the  end 
of  the  assay  is  multiplied  by  4  instead  of  10  to  find  the  percentage. 

Assay  of  Belladonna  Plaster. — This  process  is  intended  for  the 

iissay  of  belladonna  plaster  spread  on  cloth,  the  official  plaster  being 
made  with  extract  of  belladonna  leaves,  but  the  method  is  equally 
applicable  to  plasters  made  with  extract  of  belladonna  root  or  extract 
of  scopola.     Into  a  suitable  beaker  containing  50  Cc.  of  chloroform 
and  3  Cc.  of  ammonia  water  introduce  10  Gm.  of  the  spread  plaster 
out  into  strips.     Stir  until  the  plaster  is  entirely  removed  from  the 
cloth ;  then  pour  off  the  chloroform  into  another  beaker,  wash  the 
cloth  with  25  Cc.  of  chloroform  and  1  Cc.  of  ammonia  water  care- 
fully, and  add  the  washings  to  the  chloroformic  solution  first  obtained. 
If  necessary,  repeat  the  washing  with  25  Cc.  of  chloroform,  and  add 
it  to  the  other  chloroformic  solutions.     Then  dry  the  cloth  at  a  low 
temperature ;  cool  and  weigh  it,  and  subtract  its  weight  from  the 
original  weight  of  the  plaster.     To  the  chloroformic  solution  add 
four-fifths  of  its  volume  of  alcohol,  stir  gently,  and  allow  the  liquid 
to  stand  until  all  of  the  rubber  has  separated  in  a  compact  mass. 
Then  pour  off  the  supernatant  liquid  into  a  separator  of  250  Cc. 
capacity,  and  having  prepared  a  solution  of  sulphuric  acid  by  dilu- 
ting 40  Cc.  of  normal  sulphuric  acid  with  60  Cc.  of  distilled  water, 
add  20  Cc.  of  the  solution  to  the  separator,  and  agitate  for  five  minutes, 
rotating  gently.     Draw  off  the  chloroformic  solution  into  another 
separator,  shake  this  with  10  Cc.  of  the  sulphuric  acid  solution,  and 
add  the  acid  solution  to  that  in  the  first  separator.     Repeat  until  the 
acid  washings  cease  to  give  a  reaction  with  mercuric  potassium  iodide 
test-solution ;   combine  the  acid  liquids,  and  having  rendered  this 
£;olution  alkaline  wnth  ammonia  water,  wash  out  the  alkaloids  with 
three   successive  portions   of   25,   15,  and   10  Cc.  of  chloroform. 
Collect  these  in  a  flask  and  distil  off  all  the  chloroform  with  the 
ai<l    of  a  water-bath.      To   the  alkaloidal    residue  add  a  slight 
excess  of  y^  sulphuric  acid,  noting  the  quantity  used,  then  add  10 
drops  of  chloroform  and,  after  rotating,  evaporate  the^  latter  by 
means  of  a  water-bath.     Then  add  5  drops  of  a  cochineal  test- 
rv>lution  and,  rotating,  titrate  the  excess  of  acid  with  ^  potassium- 
hvdroxide  solution.     Divide  the  number  of  cubic  centimeters  of 
T^    potassium  hydroxide  solution  used  by  5,  subtract  the  quotient 
:from   the   number  of  cubic  centimeters  of  -f-^  sulphuric  acid  first 
added,  and  divide  the  difference  by  the  number  of  grammes  of 
l>elIadonna  plaster  separated  from  the  cloth,  multiply  the  quotient 
by  O.0287,  and  this  pn)duct  by  100,  which  will  give  the  percent- 
age of  mydriatic  alkaloids  in  the  belladonna  plaster. 

The  object  of  adding  alcohol  to  the  chloroformic  solution  is  to 
precipitate  the  rubber  and  at  the  same  time  keep  the  liberated  alka- 
loids in  solution.     In  order  to  insure  solution  of  all  the  alkaloid,  it 
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will  be  fouhd  desirable  to  redissolve  the  precipitate  of  rubber  in  a 
fresh  portion  of  chloroform  and  again  treat  with  alcohol  as  before^ 
adding  the  second  alcoholic  solution  to  the  first. 

Assay  of  Extract  of  Belladonna  Leaves,  of  Scopola,  or  of 

Stramonium. — Weigh  into  a  small  evaporating  dish  5  Gm.  of 
extract  of  belladonna  leaves  or  of  stramonium^  or  2  Gm.  of  extract 
of  scopola,  and  dissolve  in  a  mixture  of  alcohol  5  Cc.,  distilled  water 
10  Cc,  ammonia  water  2  Cc,  and  chloroform  20  Cc.  When  di.-?- 
solved,  transfer  it  to  a  separator^  rinsing  the  dish  with  a  little  alcohol. 
Cork  the  separator  and  shake  for  several  minutes.  Draw  off  the 
chloroformic  layer  into  a  second  separator,  and  add  to  the  contents 
of  the  first  separator  10  Cc.  more  of  chloroform.  Shake  for  several 
minutes,  allow  to  separate,  and  again  draw  off  the  chloroformic  lajer 
into  the  second  separator.  Repeat  this  with  10  Cc.  more  of  chloro- 
form. To  the  united  chloroformic  solutions  in  the  second  separator 
add  5  Cc.  of  normal  sulphuric  acid  and  10  Cc.  of  distilled  water, 
and  shake  for  several  minutes.  Draw  off  the  chloroformic  layer, 
af\>er  the  liouids  have  separated,  into  a  clean  separator,  and  the 
aqueous  fluid  into  a  beaker,  and  repeat  the  process  by  adding  to  the 
chloroformic  fluid  10  Cc.  of  distilled  water  and  1  Cc.  of  normal  sul- 
phuric acid.  Draw  off  the  chloroformic  layer,  rejecting  the  same, 
and  then  draw  the  acid  fluid  into  the  beaker.  Filter  the  combined 
acid  aqueous  solutions  in  the  beaker  through  a  pledget  of  cotton 
into  a  clean  separator,  washing  the  last  separator,  beaker,  and  fnnnel 
with  about  10  Cc.  of  distilled  water.  To  the  acid  fluid  in  the  sepa- 
rator add  10  Cc.  of  chloroform  and  sufficient  ammonia  water  to 
produce  a  distinctly  alkaline  reaction.  Shake  for  several  minute^, 
and  when  the  liquids  have  separated,  draw  off  the  chloroformic 
layer  into  a  beaker.  Repeat  this  process  with  2  portions  of  10  Co. 
of  each  of  chloroform,  and  evaporate  the  combined  chloroformic 
liquids  in  the  beaker  to  dryness  on  a  water-bath  containing  warm 
water  ;  dissolve  the  residue  in  3  Cc.  of  ether,  and  allow  the  latter  to 
evaporate  completely.  To  the  alkaloidal  residue  add  6  Cc.  of  ^f 
sulphuric  acid  and  6  drops  of  cochineal  test-solution,  then 
titrate  the  excess  of  acid  with  /^  potassium  hydroxide  solution. 
Divide  the  number  of  Cc.  of  -^  potassium  hydroxide  solution  lu^ed 
by  5,  subtract  the  quotient  from  5  (the  6  Cc.  of  y^  sulphuric  add 
used),  and  multiply  the  remainder  by  0.0287,  and  this  product  by 
20,  or  in  the  case  of  extract  of  scopola  by  50,  to  obtain  the  per- 
centage of  mydriatic  alkaloids  contained  in  the  extract 

In  the  case  of  the  extracts  of  belladonna  leaves  and  stramonium, 
which  contain  a  large  amount  of  chlorophyll,  it  will  be  found  almost 
impossible  to  see  the  lines  of  separation  between  the  upper  aqueous 
and  lower  chloroformic  liquids,  on  account  of  the  deep  color  of  the 
solutions,  and  considerable  difficulty  is  experienced  in  drawing  off 
the  lower  liquid.  It  has  been  found  that  satisfactory  results  mav 
be  obtained  if  only  2  or  2.5  Gm.,  instead  of  5  Gm.,  of  the  extract  be 
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used  for  the  assay^  and  the  method  modified  as  follows :  The  20 
Cc.  of  chloroform  having  been  added  to  the  alkaline  solution,  the 
mixture  shaken  and  allowed  to  stand  for  15  or  20  minutes  to  insure 
complete  separation,  15  Cc.  of  the  lower  liquid  should  be  drawn  off 
into  a  graduated  cylinder  or  beaker ;  10  Cc.  more  of  chloroform  are 
then  aoded  to  the  contents  of  the  separator,  and  after  separation  10 
Cc.  of  the  lower  liquid  are  again  drawn  off  into  the  cylinder  or 
beaker ;  a  second  portion  of  10  Cc.  of  chloroform  is  now  poured 
into  the  separator,  mixed  with  the  contents  and  allowed  to  separate, 
when  the  color  will  be  found  light  enough  to  note  the  line  of  sepa- 
ration sharply,  and  afl:er  again  drawing  off  the  lower  liquid,  the 
shaking  process  should  be  repeated  once  more  with  10  Cc.  of  chloro- 
form, so  as  to  insure  the  complete  removal  of  the  alkoloids.  The 
mixed  chloroformic  solutions  are  now  treated  as  directed  in  the 
official  process,  and  after  the  total  amount  of  alkaloids  present  has 
been  ascertained  by  calculation,  the  same  must  be  multiplied  by  100 
and  then  divided  by  the  weight  of  extract  taken  for  the  assay,  in 
order  to  obtain  the  percentage. 

There  being  no  chlorophyll  present  in  extract  of  scopola,  the 
official  method  of  assay  will  prove  satisfactory,  the  smaller  quantity 
of  extract  being  directed  by  the  Pharmacopoeia  on  account  of  the 
larger  percentage  of  alkaloids  present.  Solid  extract  of  belladonna 
root  may  be  assayed  exactly  like  extract  of  scopola. 

Assay  of  Extract  of  Hyoscyamus. — The  method  employed  for 
the  assay  of  this  extract  is  identical  with  that  given  for  extract  of 
belladonna  leaves,  except  that  10  Gm.  of  extract  of  hyoscyamus  are 
directed  to  be  used  and  the  product  to  be  multiplied  by  10  instead 
of  20  to  obtain  the  percentage.  As  the  same  annoyance  from  too 
much  coloring  matter  will  occur  in  the  assay  of  this  extract  as  in 
that  of  extract  of  belladonna  leaves,  and  even  to  a  large  degree  on 
account  of  the  larger  quantity  of  extract  used,  it  will  be  found 
preferable  to  use  only  5  Gm.  of  extract  of  hyoscyamus  and  double 
the  quantities  of  chloroform  directed  above  in  the  modified  process 
for  the  assay  of  extract  of  belladonna  leaves.  The  total  amount  of 
alkaloids  found  by  calculation  must  then  be  multiplied  by  20  to 
obtain  the  percentage. 

Assay  of  Fluideztract  of  Belladonna  Boot,  of  Scopola,  or  of 

Stramonium. — Measure  10  Cc.  of  the  respective  fluidextract  into  a 
separator  containing  10  Cc.  of  distilled  water,  20  Cc.  of  chloroform, 
and  2  Cc.  of  ammonia  water.  Shake  well  for  several  minutes,  and 
draw  off  the  lower  chloroformic  layer  into  a  second  separator.  Re- 
peat the  extraction  twice  with  10  Cc.  of  chloroform,  and  draw  each 
10  Cc.  of  chloroform  into  the  second  separator.  To  the  latter  add 
8  Cc.  of  normal  sulphuric  acid  and  20  Cc.  of  distilled  water,  sha- 
king well  for  several  minutes.  Draw  off  and  reject  the  lower  chloro- 
formic layer,  and  filter  the  acid  aqueous  layer  into  a  clean  separator. 
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Wash  the  last  separator  and  filter  with  10  Cc.  of  distilled  water, 
adding  this  to  the  aqueous  fluid  in  the  separator.  To  tlie  latter  add 
20  Cc.  of  chloroform  and  4  Cc.  of  ammonia  water,  and  shake  ivell 
for  several  minutes.  Draw  off  the  lower  chloroformic  layer  iulo  a 
beaker,  and  repeat  the  extraction  twice  with  10  Cc.  of  chlorofonn, 
adding  the  chloroform  to  the  beaker.  Allow  the  chloroform  in  the 
beaker  to  evaporate  on  a  moderately  warm  water-bath  until  the 
residue  is  perfectly  dry.  Add  5  Cc.  of  j^  sulphuric  acid  to  the 
beaker,  ana  when  the  residual  alkaloids  have  all  dissolved,  titrate 
tlie  solution  with  -^-^  potassium  hydroxide  solution,  using  5  (ln>|)s 
of  cochineal  or  iodeosin  test-solution  as  indicator.  Divide  the 
number  of  Cc.  of  j^  potassium  hydroxide  solution  used  by  5,  sub- 
tract the  quotient  irom  5  (the  5  Cc.  of  -^  sulphuric  acid  used),  and 
multiply  the  remainder  by  0.0287),  and  this  product  by  10  (or 
multiply  at  once  by  0.287),  to  obtain  the  weiglit  in  grammes  of 
alkaloids  contained  in  100  Cc.  of  the  fluidextract 

Assay  of  Floideztract  of  Hyoscyamns. — The  method  given 
above  for  the  assay  of  the  fluidextracts  of  belladonna  root,  scopola, 
and  stramonium,  may  also  be  used  for  this  fluidextract,  except  that 
50  Cc.  of  fluidextract  of  hyoscyamus  are  directed  to  be  used,  and 
that  the  amount  of  total  alkaloids  ascertained  by  titration  must  be 
multiplied  by  2,  instead  of  10,  to  find  the  quantity  present  in  100  Cc. 
In  order  to  avoid  the  formation  of  troublesome  emulsions,  it  will  be 
found  desirable  to  use  at  least  2|  times  the  quantities  of  chlorofona 
directed  in  the  assay  of  the  preceding  fluidextracts. 

Assay  of  Tincture  of  Belladonna  Leaves,  or  of  StramoniTiia. 

— Transfer  100  Cc.  of  the  respective  tincture  to  an  evaporating  dish 
and  evaporate  on  a  water-bath  until  the  liquid  measures  about  10  Cc, 
Add,  if  necessary,  sufficient  alcohol  to  dissolve  any  separated  sulv 
stance,  and  then  assay  the  resulting  liquid  exactly  in  the  same  man- 
ner as  directed  for  the  fluidextracts  of  belladonna  root,  soopola,  aod 
stramonium,  with  the  exception  that  the  multiplication  of  the  pnxlnrt 
by  10  must  be  omitted  ;  the  result  will  express  the  weight  of  alka- 
loids contained  in  100  Cc.  of  the  tincture. 

Assay   of    Tincture  of    Hyoscyamus. — The   Pharmacopoeia 

directs  this  tincture  to  be  assayed  exactly  in  the  same  manner  a? 
the  preceding  two  tinctures,  but  on  account  of  the  very  small  pe^ 
centage  of  alkaloid  in  the  drug,  it  will  be  found  preferable  to  use  at 
least  200  Cc.  of  the  tincture,  which  should  be  evaporated  to  20  Cc, 
and  the  process  then  continued  as  given  for  the  assay  of  fluidextract 
of  belladonna  root.  The  resulting  product  should  in  that  case  be 
divided  by  2  to  ascertain  the  weight  of  alkaloids  contained  in 
100  Cc.  of  the  tincture. 
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ASSAY  OF  CINCHONA  AND  ITS  FREPAEATIONS. 

The  alkaloidal  value  of  cinchona  is  preferably  determined  gravi- 
metrically  on  account  of  the  number  of  alkaloids  present,  which 
would  cause  unsatisfactory  and  unreliable  results  by  the  volumetric 
method.  The  Pharmacopoeia  requires  that  cinchona,  as  well  as 
red  cinchona,  shall  contain  not  less  than  5  per  cent,  of  anhydrous 
total  alkaloids,  and  that  the  former  shall  also  contain  at  least  4  per 
cent,  of  anhydrous  ether-soluble  alkaloids.  It  also  requires  that 
fluidextract  of  cinchona  shall  contain  in  100  Cc.  4  Gm.  of  anhydrous 
ether-soluble  alkaloids,  and  tincture  of  cinchona  0.76  Gm.  in  the 
same  volume. 

Assay  of  Oinchona, — Introduce  15  Gm.  of  cinchona,  in  No.  80 
powder,  into  a  flask  or  bottle  of  about  200  Cc.  capacity,  and  add  a 
mixture  of  125  Cc.  of  ether  and  25  Cc.  of  chloroform  ;  then  insert 
the  stopper  securely,  shake  the  flask  vigorously,  and  allow  it  to 
£tand  for  10  minutes.     Then  add  10  Cc.  of  ammonia  water,  and 
allow  it  to  stand  for  five  hours,  shaking  at  frequent  intervals  (or  con- 
tinously  with  the  aid  of  a  mechanical  shaker^.     Next  add  15  Cc.  of 
distilled  water,  and  shake  the  flask  vigorously  for  a  few  minutes,  so 
as  to  cause  the  powder  to  settle  readily  on  standing.     When  the 
supernatant  fluid  is  quite  clear,  decant  into  a  measuring  flask,  or 
cylinder,  exactly  100  Cc.  of  the  supernatant  liquid  ^representing  10 
Om.  of  cinchona),  transfer  this  to  a  separator,  ana  add  15  Cc.  of 
normal  sulphuric  acid,  or  sufficient  to  make  the  liquid  distinctly 
acid.     Shake  the  separator  vigorously  for  one  minute,  and  allow  the 
two  layers  of  liquid  to  separate  completely.     Draw  off  the  lower 
aqueous  layer  into  a  flask.    Then  add  5  Cc.  of  normal  sulphuric  acid 
and  5  Cc.  of  distilled  water  to  the  separator,  and  shake  it  vigorously 
for  about  one  minute,  allow  the  liquids  to  separate  as  before,  and  again 
dravir  off  the  lower  aqueous  layer  into  the  flask.     Repeat  the  opera- 
tion, using  5  Cc.  of  distilled  water  in  the  separator  (without  acid), 
drawing  off  the  aqueous  liquid  into  the  flask.     Filter  the  combined 
acid  liquids  into  a  measuring  cylinder,  and  wash  the  filter  and  flask 
Tvith  enough  distilled  water  to  make  the  contents  of  the  cylinder 
measure  exactly  60  Cc.     Pour  half  (26  Cc.)  of  the  acid  liquid  into 
a  separator  marked  No.  1,  and  the  remaining  half  (25  Cc.)  into 
another  separator  marked  No.  2,  which  set  aside. 

1.  T(yr  Anhydrous  Cinchona  Alkaloids. — To  separator  No.  1  (see 
above)  add  25  Cc.  of  a  mixture  of  chloroform  3  volumes  and  ether 
1  volume,  and  add  5  Cc.  of  ammonia  water,  or  sufficient  to  render 
the  liquid  alkaline.  Insert  the  stopper  and  shake  the  separator 
carefully  for  three  minutes,  and  then  draw  off  the  lower  layer  into  a 
tared  flask  or  beaker.  Add  20  Cc.  more  of  the  chloroform-ether 
mixture  to  the  separator,  insert  the  stopper,  and  shake  the  liquid 
carefully  for  two  minutes,  again  drawing  off  the  lower  layer  into  the 
tared    flask.    Repeat  the  operation  with  10  Cc.  of  chloroform,  and 
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draw  this  off  into  the  tared  flask.  Reject  the  aqueous  liquid  in  the 
separator,  and  with  the  aid  of  a  water-bath  evaporate  the  elilorofonn- 
ether  solution  in  the  tared  flask  or  beaker,  slowly  and  carefully,  to 
dryness.  Add  3  Cc.  of  ether  to  the  dry  residue,  and  again  evap)ratc 
to  dryness^  then  place  the  flask  or  beaker  in  an  air-bath  and  beat 
at  110°  C.  (230®  F.),  until  the  weight  after  cooling  rejtnains  constant 
This  weight  in  grammes  multiplied  by  20  will  give  the  perceutage 
of  anhydrous  total  alkaloids  in  the  cinchona. 

2.  For  Ether-soluble  Alkaloids. — To  separator  No.  2  (see  above), 
containing  the  other  25  Cc.  of  acid  liquid,  add  25  G;.  of  ether  and 
5  Cc.  of  ammonia  water,  or  sufficient  to  render  the  liquid  alkaline. 
The  temperature  of  the  liquid  should  be  kept  below  20°  C.  (68°  R), 
by  cooling  it,  if  necessary.  Shake  the  separator  moderately  for  two 
minutes,  and  allow  the  liquid  to  stand  for  ten  minutes  at  15°  C. 
(59°  F.) ;  after  the  liquids  have  separated,  draw  off  and  reject  the 
lower  aqueous  layer,  and  transfer  the  ethereal  liquid  to  a  tared 
beaker.  Add  5  Cc.  more  of  ether  to  the  separator,  rinse  carefully, 
and  add  the  rinsings  to  the  liquid  in  the  tared  beaker.  Evaporate 
the  ether  carefully  by  aid  of  a  water-bath,  dry  the  beaker  and  con- 
tents in  an  air-bath  at  110°  C.  (230°  F.)  for  2  hours,  cool  and  weigh. 
This  weight  in  grammes,  multiplied  by  20,  gives  the  percentage  of 
the  anhydrous  ether-soluble  alkaloids  in  the  cinchona. 

Assay  of  Floideztxact  of  Oinchona. — Measure  10  Cc  of  flnid* 
extract  of  cinchona  into  a  flask  or  bottle  of  200  Cc.  capacity  and 
pour  over  it  a  mixture  of  100  Cc.  of  ether,  25  Cc.  of  chloroform^ 
and  10  Cc.  of  ammonia  water.  Cork  securely  and  shake  vigorously 
for  10  minutes.  Decant  or  pipette  off  66  Cc,  representing  5  Cc 
of  the  fluidextract,  into  a  measuring  cylinder,  and  transfer  to  a 
separator,  washing  the  cylinder  out  with  5  Cc.  of  ether,  and  adding 
this  to  the  separator.  Add  to  the  latter  about  10  Cc.  of  nonnal 
sulphuric  acid,  or  sufficient  to  make  the  solution  distinctly  acid,  and 
shake  vigorously  for  several  minutes.  Draw  off  the  lower  layer  intcv 
a  second  separator.  To  separator  No.  1  add  6  Cc.  more  of  nonnal 
sulphuric  acid  and  5  Cc.  of  aistilled  water,  shake  for  several  minutf-Sy 
and  when  the  liquids  have  separated  draw  off  the  lower  layer  into 
separator  No.  2.  Now  add  5  Cc.  of  distilled  water  to  separat»>r 
No.  1,  shake  as  before,  and  also  draw  off  the  lower  aqueous  layer 
into  separator  No.  2.  To  the  contents  of  separator  No.  2  add  25  Cc 
of  ether  and  a  small  piece  of  red  litmus-paper.  Then  add,  gradually, 
ammonia  water,  keeping  the  temperature  of  the  liquids  below  25®  C. 
(77°  F.),  until  the  reaction  is  alkaline.  Then  shake  vigoroosly  for 
one  or  two  minutes,  and  let  liquids  separate  for  ten  minutes,  at  a  tem- 
perature below  15°  C.  Draw  off  and  discard  the  lower  aqueous  layer, 
and  then  transfer  the  ethereal  layer  into  a  tared  beaker.  Add  5  Cc 
more  of  ether  to  the  separator,  rinse  carefully,  and  add  the  rinsings 
to  the  tared  beaker,  and  entirely  evaporate  the  ether  at  a  moder* 
ate  heat  on  a  water-bath.     Then  dry  the  beaker  in  an  air-bath  at 
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•120®  C.  (248°  F.)  for  two  hours,  and  weigh,  allowing  to  cool,  prefera- 
bly in  a  desiccator.  Replace  in  the  air-bath,  and  heat  again  for  half 
an  hour,  cool,  and  weigh,  repeating  until  the  weight  is  constant.  The 
weight  of  alkaloids  so  obtained  multiplied  by  20  gives  the  number 
of  grammes  of  anhydrous  ether-soluble  alkaloids  in  100  Cc.  of  the 
fluidextract. 

Assay  of  Tincture  of  Oinchona. — Transfer  50  Cc.  of  tincture  of 
cinchona  to  an  evaporating  dish,  and  evaporate  it  on  a  water-bath  until 
it  measures  about  10  Cc,  transfer  the  liauid  to  a  bottle  having  the 
capacity  of  about  180  Cc,  rinsing  the  dish  with  10  Cc  of  diluted 
alcohol,  then  assay  the  resulting  liquid  by  the  method  given  above 
for  fluidextract  of  cinchona,  with  tne  exception  that  the  multiplica- 
tion of  the  product  should  be  by  4  instead  of  20 ;  the  result  will 
represent  the  weight  in  grammes  of  anhydrous  ether-soluble  alkaloids 
contained  in  100  Cc.  of  the  tincture. 


ASSAY  OF  COOA  AND  ITS  PBEPAEATIONS. 

Coca  owes  its  medicinal  value  to  the  alkaloid  cocaine,  which  is 
completely  soluble  in  ether,  while  other  alkaloids  present  in  the  drug 
are  not  at  all  or  only  slightly  so,  and  hence  the  Pharmacopoeia 
requires  that  coca  leaves  shall  contain  at  least  0.5  per  cent,  of  ether- 
solable  alkaloids,  and  fluidextract  of  coca  0.5  Gm.  of  the  same  in 
100  Cc. 

Assay  of  Ooca. — Place  10  Gra.  of  coca,  in  No.  60  powder,  in  a 

flask  of  100  Cc.  capacity,  add  50  Cc.  of  a  mixture  of  chloroform  1 

volume  and  ether  4  volumes,  and  insert  the  stopper  securely.     Allow 

the  flask  to  stand  ten  minutes,  then  add  2  Cc.  of  ammonia  water 

mixed  with  3  Cc.  of  distilled  water,  and  shake  the  flask  well,  at 

frequent  intervals,  during:  one  hour.     Then  transfer  as  much  as 

possible  of  the  contents  of  the  flask  to  a  small  percolator  which  has 

been  provided  with  a  pledget  of  cotton  packed  firmly  in  the  neck, 

aud  insert  in  a  separator  containing  6  Cc.  of  normal  sulphuric  acid, 

diluted  with  20  Cc.  of  distilled  water.     When  the  liquid  has  passed 

through  the  cotton,  pack  the  coca  firmly  in  the  percolator  with  the 

aid  oi  a  glass  rod,  and,  having  rinsed  the  flask  with  10  Cc  of 

chloroform-ether  mixture,  transfer  the  remaining  contents  of  the 

flask  to  the  percolator  by  the  aid  of  several  small  portions  (5  Cc.) 

of  tne  chloroform-ether  mixture,  and  continue  the  percolation  with 

successive  small  portions  of  the  same  liquid  (in  all  50  Cc).     Next 

shake  the  separator  well  for  one  minute,  after  securely  inserting  the 

stopper,  and  when  the  liquids  have  completely  separated,  draw  ofl^ 

the  acid  liquid  into  another  separator.     Add  to  the  chloroform-ether 

mixture  10  Cc.  of  the  sulphuric  acid  mixture,  agitate  well,  and  again 

dra\^  ofl^  the  acid  liquid.     Repeat  this  operation  once  again,  drawing 

off  the  acid  solution  as  before  into  the  second  separator,  and  intro- 


764  PHARMACEUTICAL  CHEMISTRY. 

duce  a  small  piece  of  red  litmus-paper ;  then  add  ammonia  water 
until  the  liquid  is  distinctly  alkaline,  and  shake  out  success! velr 
with  3  portions  of  25,  20,  and  15  Cc.  of  ether.  Collect  the  ether 
solutions  in  a  beaker,  place  it  on  a  water-bath  filled  with  warm  water, 
and  allow  the  ether  to  evaporate  entirely.  Dissolve  the  residue  in 
3  Cc.  of  ether,  and  let  this  also  evaporate  completely.  To  the  al- 
kaloidal  residue  add  4  Cc.  of  -^  sulphuric  acid  and  5  drops  of 
cochineal  or  iodeosin  test-solution,  then  titrate  the  excess  of  acid 
with  ^  potassium  hydroxide  solution.  Divide  the  number  of  cubic 
centimeters  of  the  A  potassium  hydroxide  solution  used  by  5,  anb- 
tract  this  number  from  4  (the  4  Cc.  of  ^js  sulphuric  acid  used),  and 
multiply  the  remainder  by  0.03,  and  this  product  by  10,  to  obtain 
the  percentage  of  ether-soluble  alkaloids  contained  in  the  coca. 

Assay  of  Flnidextract  of  Ooca. — Measure  10  Cc.  of  fluidextnict 
of  coca  into  a  separator,  add  25  Cc  of  ether,  and  then  2  Cc  of 
ammonia  water,  shaking  together  for  several  minutes.    Wheo  the 
fluids  have  separated,  draw  oiT  the  lower  aqueous  layer,  into  a  second 
separator,  and  to  this  second  separator  add  20  Cc.  more  of  ether,  and 
repeat  the  shaking  for  one  minute.     Draw  off  and  reject  the  lower 
aqueous  layer  from  the  second  separator,  and  add  the  ethereal  layer 
to  the  first  separator.     To  this  separator  now  add  5  Cc  of  normal 
sulphuric  acid  and  5  Cc.  of  distilled  water,  shaking  well  for  a  minute 
or  two.     After  the  liquids  have  separated,  draw  on  the  lower  aqueous 
layer  into  a  clean  separator,  and  repeat  the  extraction  in  the  fir^ 
separator  with  9  Cc.  of  distilled  water  and  1  Cc  of  normal  sulphuric 
acid,  shaking  for  a  minute.     Add  the  aqueous  solution  to  the  other 
separator,  and  reject  the  ether.     Now  add  to  the  acid  liquid  20  Cc. 
of  ether  and  sufficient  ammonia  water  to  make  it  distinctly  alkalioe, 
and  shake  for  a  minute  or  two.     Draw  off  the  separated  aqueous 
layer  into  another  separator  and  the  ethereal  layer  into  a  beaker. 
Repeat  the  extraction  of  the  aqueous  layer  in  the  other  separator 
with  15  Cc.  and  again  with  15  Cc.  of  ether,  and  add  the  resulting 
ethereal  extracts  to  the  beaker.     Now  evaporate  the  ether  from  the 
beaker  with  gentle  heat,  and  when  dry  add  to  it  5  Cc.  of  -^  sul- 
phuric acid,  and  stir  until  all  the  alkaloids  are  dissolved.    Then 
add  6  drops  of  cochineal  or  iodeosin  test-solution,  and  titrate  the 
excess  of  acid  with  J^  potassium  hydroxide  solutioD.     Divide  the 
number  of  Cc.  of  ^  potassium  hydroxide  solution  used  by  5,  suh- 
tract  the  quotient  from  5  (the  5  Cc.  of  ^j^  sulphuric  acid  used),  and 
multiply  the  remainder  by  0.03,  and  this  product  by  10  (ormultipl'f 
at  once  by  0.3),  to  obtain  the  weight  in  grammes  of  ether-soluble 
alkaloids  contained  in  100  Cc.  of  the  flnidextract  of  coca. 
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ASSAY  OF  OOLOmOUM  OOBM  AND  SEED  AND  THEIR 

PREPARATIONS. 

The  determination  of  alkaloidal  content  in  oolchicum  and  its 
preparations  is  best  made  gravimetricaily.  The  Pharmacopoeia 
requires  that  oolchicum  corm  shall  contain  not  less  than  0.35  per 
cent,  of  colchicine,  and  oolchicum  seed  not  less  than  0.45  per  cent. ; 
also  that  extract  of  oolchicum  corm  shall  ctmtain  1.4  per  cent,  of 
colchicine ;  fluidextract  of  oolchicum  seed  0.4  Gm.  of  colchicine  in 
100  Cc,  and  tincture  of  oolchicum  seed  0.04  Gm.  in  the  same 
volume. 

Assay  of  Oolchicum  Oorm  and  Seed. — ^Introduce  10  Gm.  of 
oolchicum  oorm  or  seed,  in  No.  60  powder,  into  an  Erlenmeyer 
flask  of  200  Cc.  capacity  and  add  to  it  100  Ce.  of  a  mixture  of 
77  Cc.  of  ether,  25  Co.  of  chloroform,  8  Cc.  of  alcohol,  and  3  Cc. 
of  ammonia  water,  insert  the  stopper  securely,  and  macerate  with 
frequent  shaking  for  twelve  hours  (or  preferably   for  four  hours 
in  a  mechanical  shaker).     Filter  a  sufficient  quantity  of  the  liquid 
into  a  measuring  cylinder  until  50  Cc.  (representing  5  Gm.  of  col- 
chicum   corm  or  seed)  have  been  obtained ;  then  transfer  it  to  a 
beaker  or  dish,  and  evaporate  it  nearly  to  dryness  by  applying  a  very 
gentle  heat.     Dissolve  the  residue  in  10  Cc.  of  ether,  add  5  Cc.  of 
water,  stir  well,  and  heat  gently  until  the  ether  has  evaporated. 
After   cooling,  filter  the  aqueous  solution  into  a  small  separator, 
retaining  the  insoluble  matter  as  much  as  possible  in  the  beaker  or 
dish,     Kedissolve  the  residue  in  a  little  ether,  add  5  Co.  of  water, 
and  proceed  as  before.     Wash  the  container  and  filter  with  a  little 
water,  and  shake  the  aqueous  solution  well  for  a  minute  with  15  Cc. 
of  chloroform.     Draw  off  the  chloroform,  after  perfect  separation, 
into   a  tared  flask,  and  again  shake  out  the  aqueous  liquid  Mrith  3 
portions  of  10  Cc.  each  of  chloroform,  collecting  these  solutions  in 
the  tared  flask.     Evaporate  the  chloroform  completely  ;  dissolve  the 
residue  in  a  little  alcohol,  evaporate  the  latter,  redissolve  the  residue 
in  alcohol,  evaporate  the  alcohol  as  before,  and  dry  the  residue  at  100® 
C.  (212®  F.)  until  the  weight  remains  constant  after  cooling.     The 
weight  of  the  residue  multiplied  by  20  gives  the  percentage  of  col- 
chicine in  the  corm  or  seed. 

Assay  of  Extract  of  OolchicTun  Oorm. — Dissolve  4  Gm.  of  extract 
of  colchicum  corm  in  20  Cc.  of  distilled  water,  carefully  transfer  the 
solution  to  a  graduated  flask,  and  add  sufficient  alcohol  to  make  the 
liquid  measure  100  Cc.  Shake  the  flask  well,  allow  it  to  stand  five 
minutes,  filter,  and  collect  50  Cc.  of  the  filtrate  (representing  2  Gm. 
of  the  extract),  and  evaporate  it  to  dryness  in  a  porcelain  dish  by 
means  of  a  water-bath.  Add  to  the  residue  10  Cc.  of  ether  and  5 
Cc.  of  distilled  water,  stir  the  mixture  well,  and  heat  it  gently  until 
the  ether  is  evaporated.  Aft;er  cooling,  pour  off  the  aqueous  solution, 
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filtering  it  iuto  a  separator^  retaining  as  much  of  the  insoluble  mt^r 
in  the  dish  as  possible.  Again  treat  the  residue  with  10  Cc.  of 
ether  and  5  Cc.  of  water,  and  proceed  as  before ;  rinse  the  dish  and 
filter  with  a  little  water  and  collect  all  of  the  aqueous  liquids  in  a 
separator.  Introduce  a  small  piece  of  red  litmus-paper  into  the 
separator,  add  enough  ammonia  water  to  render  the  liquid  alkaline, 
and  then  shake  it  out  with  three  successive  portions  of  chloroform,  of 
20,  15,  and  10  Cc.,  respectively.  Collect  the  combined  chlorofonnic 
solutions  in  an  Erlenmeyer  flask,  evaporate  the  chloroform,  and  add 
to  the  alkaloidal  residue  two  successive  small  portions  of  alcohol, 
evaporating  the  alcohol  each  time.  Now  add  to  the  residue  a  mix- 
ture of  5  Cc.  of  distilled  water  and  10  Cc.  of  ether,  agitate  the 
liquid  gently  and  evaporate  the  ether,  filtering  the  aqueoos  liquid 
into  a  separator.  Einse  the  flask  with  distilled  water,  pass  the 
rinsings  tnrough  the  filter  into  the  separator,  and  shake  out  the 
aqueous  solution  with  three  successive  portions  of  chloroform,  20, 
15,  and  10  Cc,  respectively.  Collect  the  combined  chlorofonnic 
solutions  in  a  tared  Erlenmeyer  flask,  evaporate  the  chloroform,  and 
and  treat  the  alkaloidal  residue  with  two  successive  small  portions 
of  alcohol,  evaporating  the  alcohol  each  time,  and  dry  the  residue  at 
100°  C.  (212°  F.)  to  a  constant  weight.  The  weight  multiplied  by  50 
will  give  the  percentage  of  colchicine  in  the  extract. 

Assay  of  Fluidextract  of  Oolchicum  Seed. — ^Measure  10  Cc. 
of  fluidextract  of  colchicum  seed  into  a  separator,  add  1  Cc  of 
ammonia  water,  and  shake  out  the  alkaloid  with  3  successive  por- 
tions of  15,  15,  and  10  Ca  of  chloroform.  Collect  the  chlorofonnic 
solutions  in  a  beaker  or  dish,  and  evaporate  it  nearly  to  dryness  by 
applying  a  very  gentle  heat.  Dissolve  the  residue  in  10  Cc.  of 
ether,  add  5  Cc.  of  water,  stir  well,  and  heat  gently  until  the  ether 
is  evaporated.  After  cooling,  filter  the  aqueous  solution  into  a  small 
separator,  retaining  the  insoluble  matter  as  much  as  possible  in  the 
beaker  or  dish.  Redissolve  the  residue  in  a  little  ether,  add  5  Cc, 
of  water,  and  proceed  as  before.  Wash  the  container  and  filter  with 
a  little  water,  and  shake  the  aqueous  solution  well  for  one  minute 
with  15  Cc.  of  chloroform.  Draw  off  the  chloroform,  after  perfect 
separation,  into  a  tared  flask,  and  again  shake  out  the  aqueous  liquid, 
successively,  with  three  portions  of  10  Cc.  each  of  ehlopoform,  col- 
lecting these  solutions  in  the  tared  flask.  Evaporate  the  chloroform 
completely;  dissolve  the  residue  in  a  little  alcohol,  evaporate  the 
latter,  redissolve  it  in  alcohol,  evaporate  the  alcohol  as  before,  and 
dry  the  residue  at  100°  C.  (212  F°.)  until  the  weight,  after  coolin«: 
in  a  desiccator,  remains  constant.  Multiply  the  weight  of  the  resi- 
due by  10,  to  obtain  the  weight  in  grammes  of  colchicine  contained 
in  100  Cc.  of  the  fluidextract 

Assay  of  Tincture  of  Oolchicum  Seed.— Transfer  100  Cc.  of 
tincture  of  colchicum  seed  to  an  evaporating  dish,  and  evaporate  it 
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on  a  water-bath  until  it  measures  about  10  Co.  Add,  if  neoessary, 
sufficient  alcohol  to  dissolve  any  separated  substance,  and  then  assay 
the  resulting  liquid  by  the  method  given  above  for  fluidextract  of 
colchicum  seed,  with  the  exception  that  the  multiplication  of  the 
product  by  10  be  omitted ;  the  result  will  represent  the  weight  in 
grammes  of  colchicine  contained  in  100  Cc.  of  the  tincture. 

ASSAY  OF  OONIUM  AND  ITS  PREPARATIONS. 

Owing  to  the  peculiar  nature  of  the  alkaloid  coniiue,  it  being  a 
liquid  very  readily  oxidized  by  exposure  to  the  air,  it  has  been  found 
most  desirable  to  convert  it  into  the  hydrochloride,  and  from  the 
weight  of  the  salt  thus  obtained  to  calculate  the  weight  of  pure 
alkaloid  present  in  the  drug.  As  each  Gm.  of  coniine  is  capable  of 
forming  1.286  Gm.  of  coniine  hydrochloride,  the  weight  of  the  latter 
multiplied  by  0.777  4-  will  represent  the  weight  of  pure  alkaloid, 
which  is  the  method  followed  m  the  official  process  of  assay.  The 
Pharmacopoeia  requires  that  conium  shall  contain  not  less  than 
0.5  per  cent,  of  coniine,  and  fluidextract  of  conium  0.45  Gm.  of  the 
same  alkaloid  in  100  Cc.  when  tested  by  the  process  given  below. 

Assay  of  Oonium. — Place  10  Gm.  of  conium,  in  No.  60  powder, 
in  a  200  Cc.  Erlenmeyer  flask,  add  100  Cc.  of  a  mixture  of  ether 
98  parts,  alcohol  8  parts,  and  ammonia  water  3  parts,  all  by  volume, 
insert  the  stopper  securely,  and  shake  the  flask  at  intervals  during  four 
hours.     After  the  powder  has  settled  decant  50  Cc.  of  the  clear 
liquid  into  a  beaker  and  add  sufficient  normal  sulphuric  acid  to  pro- 
duce a  distinctly  acid  reaction.     Evaporate  the  ether  at  a  gentle  beat 
by  the  aid  of  a  water-bath ;  then  add  1 5  Cc.  of  alcohol,  and  set  the 
beaker  aside  in  a  cool  place  for  two  hours  to  allow  the  ammonium 
sulphate  to  deposit.     Filter  the  liquid ;  wash  the  residue  and  filter 
witn  a  little  alcohol,  and  add  the  washings  to  the  filtrate ;  neutralize 
any  excessive  amount  of  acid  with  sodium  carbonate  test-solution, 
being  careful  to  retain  a  slight  acidity.     Concentrate  the  liquid  to 
3  Cc.  by  the  aid  of  a  gentle  heat  on  a  water-bath,  add  3  Cc.  of  dis- 
tilled water  and  2  drops  of  normal  sulphuric  acid.     Add  15  Cc.  of 
ether  to  remove  traces  of  fatty  matter,  pour  ofl^  the  ether  solution 
and   repeat  the  washing  with  15  Cc.  of  ether.     Then  transfer  the 
acid   liquid  to  a  separator,  introduce  a  small  piece  of  red  litmus- 
paper,  and  add  sufficient  sodium  carbonate  test-solution  to  render 
the  liquid  slightly  alkaline;  then  shake  out  with  successive  portions 
of  15,  15,  and  10  Cc.  of  ether.     To  the  combined  ether  solutions,  in 
a  tared  beaker,  add,  drop  by  drop,  sufficient  hydrochloric  acid  (5  per 
cent,  solution)  to  insure  an  excess  of  acid,  and  then  evaporate  the 
ether    by  a  gentle  heat  on  a  water-bath.     Remove  the  excess  of 
hydrochloric  acid  by  adding  to  the  residue  3  Cc.  of  alcohol,  and 
heating  gently  to  evaporate  the  liquid,  repeat  this  operation  once, 
and  dry  flie  residue  at  a  temperature  not  exceeding  60°  C.  (140°  F.) 
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until  the  weighty  after  cooling  in  a  desiccator,  remains  oonstanL 
The  weight  of  the  residue  multiplied  by  0.777,  and  this  product  by 
20,  gives  the  percentage  of  coniiue  contained  in  the  conium. 

Assay  of  Fluidextract  of  Oonium.— Transfer  10  Cc.  of  flaid- 
extract  of  conium  to  an  evaporating  dish  containing  a  little  clean 
sand,  and  evaporate  it  to  dryness  by  means  of  a  water-bath.  Mix 
the  sand  uniformly  with  the  extract  and  transfer  it  to  an  Erien- 
meyer  flask  of  about  200  Cc.  capacity,  rinsing  the  dish  Math  100  Cc. 
of  a  mixture  of  ether  100  Cc,  alcohol  7  Cc.,  and  ammonia  water 
3  Cc,  added  iu  portions,  and  transfer  the  rinsings  to  the  flask. 
Insert  the  stopper  securely  and  shake  the  flask  at  intervals  during  1 
hour.  Decant  50  Cc.  of  the  liquid  (representing  5  Cc  of  the  fluid- 
extract)  into  a  beaker,  and  add  sufficient  normal  sulphuric  acid  to 
Eroduce  a  distinctly  acid  reaction.  Evaporate  the  ether  at  a  gentle 
eat  by  aid  of  a  water-bath ;  then  add  15  Cc.  of  absolute  alcohol, 
and  set  the  beaker  aside  in  a  cool  place  for  2  hours  to  allow  the 
ammonium  sulphate  to  deposit.  Filter  the  liquid  ;  wash  the  residue 
and  filter  with  a  little  absolute  alcohol,  and  add  the  washings  to  the 
filtrate ;  neutralize  any  excessive  amount  of  acid  with  sodium  car- 
bonate test-solution,  being  careful  to  retain  a  slight  acidity.  Con- 
centrate the  liquid  to  3  Cc  by  the  aid  of  a  gentle  heat  on  a  water- 
bath,  add  3  Cc  of  distilled  water  and  2  drops  of  normal  sulphuric 
acid.  Add  1 5  Cc.  of  ether  to  remove  traces  of  fatty  matter,  ptmr 
off^  the  ether  solution,  and  repeat  the  washing.  Then  transfer  the 
acid  liquid  to  a  separator,  introduce  a  small  piece  of  red  litmu>- 

t)aper,  and  add  sufficient  sodium  carbonate  test-solution  to  render  the 
iquid  slightly  alkaline ;  then  shake  out  with  successive  portions  of 
15,  10,  and  10  Cc  of  ether.  To  the  combined  ether-solutions  in  a 
tared  beaker  add,  drop  by  drop,  sufficient  hydrochloric  acid  (5  per 
cent,  solution)  to  insure  an  excess  of  acid,  and  then  evaporate  the 
ether  by  aid  of  a  gentle  heat  on  a  water-bath.  Remove  the  exce:^ 
of  hydrochloric  acid  by  adding  to  the  residue  3  Cc  of  alcohol  and 
heating  gently  to  evaporate  the  liquid,  repeat  this  operation  once, 
and  dry  the  residue  at  a  temperature  not  exceeding  BO*'  C.  (140°  F.) 
until  the  weight,  after  cooling  in  a  desiccator,  remains  constant. 
Multiply  the  weight  of  the  residue  by  0.777,  and  the  product  by  20, 
to  obtain  the  weight  in  grammes  of  coniine  in  100  Cc.  of  the  fluid- 
extract. 

ASSAY  OF  QUABANA  AND  ITS  PBEPABATIONS. 

Since  the  active  principles  of  guarana,  chiefly  cafleine,  can  be 
obtained  in  quite  pure  form,  the  Pharmacopoeia  directs  that  the 
assay  of  the  drug  and  its  preparations  shall  be  made  gnivimetrically. 
and  requires  that  guarana  shall  contain  not  less  than  3.5  per  cent,  of 
its  alkaloidal  principles  and  fluidextract  of  guarana  3.5  Gm.  of  the 
same  in  1 00  Cc 
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Assay  of  Guarana. — Put  6  Gm.  of  guarana  powder  into  a  flask 
and  pour  ui3on  it  120  Cc.  of  chloroform  and  6  Cc.  of  ammonia 
water.  Shake  well  at  intervals  for  half  an  hour,  and  let  stand  for 
four  hours.  Pour  off  100  Cc.  of  the  liquid  through  a  filter  into  a 
measuring  cylinder,  and  transfer  it  therefrom  to  a  flask,  and  distil 
off  all  the  chloroform  on  a  water-bath.  Dissolve  the  residual  alka- 
loids in  a  mixture  of  2  Cc.  of  normal  sulphuric  acid  and  20  Cc.  of 
warm  distilled  water.  Let  cool  and  filter  into  a  separator,  rinse  the 
beaker  and  filter  Mrith  distilled  water,  add  10  Cc.  of  chloroform,  2 
Cc.  of  ammonia  water,  and  shake  for  a  minute  or  two.  Draw  off 
the  chloroformic  solution  into  a  tared  flask  and  repeat  the  extraction 
three  times  more  with  10  Cc.  of  chloroform,  drawing  each  portion 
off  into  the  tared  flask.  Distil  off  the  chloroform,  and  when  dry, 
add  2  Cc.  of  ether  and  evaporate  this  on  a  water-bath  very  carefully 
to  avoid  decrepitation.  Dry  the  residue  to  constant  weight  on  a 
water-bath  and  weigh.  The  weight  found  multiplied  by  20  will 
give  the  percentage  of  alkaloids  in  the  drug. 

Assay  of  Flnidextract  of  Guarana.— Transfer  to  a  separator  5 
Cc.  of  flnidextract  of  guarana,  and  add  15  Cc.  of  chloroform  and  1 
Cc.  of  ammonia  water.    Shake  well  and  allow  the  liquids  to  separate- 
completely.     Draw  off  the  chloroform  into  a  beaker.     Shake  out 
the  fluid  remaining  in  the  separator  with  two  additional  portions  of 
chloroform  of  10  Cc.  each,  evaporate  the  combined  chloroformic 
solutions  carefully  to  drjmess.     Dissolve  the  alkaloidal  residue  in  a 
mixture  of  2  Cc.  of  normal  sulphuric  acid  and  20  Cc.  of  warm  dis- 
tilled water.   Allow  it  to  cool,  and  filter  the  solution  into  a  separator, 
rinse  the  flask  and  filter  with  distilled  water,  adding  the  rinsings  to 
the  separator,  then  add  20  Cc.  of  chloroform  and  2  Cc.  of  ammonia 
water,  shaking  the  separator  for  one  minute.     Draw  off  the  chloro- 
form into  a  tared  flask,  and  repeat  the  extraction  twice  with  10  Cc. 
of  chloroform,  adding  this  to  the  tared  flask.     Distil  off  the  chloro- 
fomo,  and,  when  dry,  add  2  Cc.  of  ether,  and  evaporate  this  very 
carefully  with   the  aid   of   a  water-bath   (to   avoid   decrepitation). 
Dry  the  residue  to  a  constant  weight  on  the  water-bath.     Multiply 
the  weight  by  20,  which  will  give  the  weight  in  grammes  of  alka- 
loids contained  in  100  Cc.  of  the  fluidextract. 

ASSAY  OF  HYDRASTIS  AND  ITS  PREPARATIONS. 

Although  hydrastis  contains  three  alkaloids,  berberine,  canadine, 
and  hydrastine,  the  medicinal  virtues  of  the  drug  seem  to  reside 
wholly  in  the  latter,  and  hence  the  determination  of  its  content  is 
an  excellent  criterion  for  the  valuation  of  the  drug.  The  Pharma- 
copoeia requires  that  hydrastis  shall  contain  not  less  than  2.5  per 
cent,  of  hydrastine ;  fluidextract  of  hydrastis,  2  Gm.  of  hydrastine 
in  100  Cc.  and  tincture  of  hydrastis,  0.4  Gm.  of  hydrastine  in  100 
Cc,      All  three  determinations  are  to  be  made  gravi metrically. 
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Hydrastine  exists  in  the  drug  partly  in  the  free  and  partly  in  the 
combined  state,  and  advantage  is  taken  in  the  official  method  of 
assay  of  the  fact  that  berberine  is  practically  insoluble  in  etber. 
AVhile  hydrastine  is  colorless,  it  will  be  found  almost  impossible  to 
obtain  the  alkaloid  entirely  free  from  a  slight  yellow  color,  which  i& 
due  to  traces  of  berberine. 

Assay  of  Hydrastis. — Into  a  250  Cc.  flask  put  15  Gm.  of 
hydratis  in  No.  60  powder ;  add  160  Cc.  of  ether,  shake  the  fla>k 
during  10  minutes,  and  add  5  Cc.  of  10  per  cent,  ammonia  water, 
shaking  the  flask  frequently  during  one-half  hour.     Then  add  15  Cc. 
of  distilled  water  and  shake  until  the  drug  collects  in  masses,  and  at 
once  carefully  decant  100  Cc.  of  the  ethereal  fluid,  representing  10 
Gm.  of  the  drug,  into  a  measuring- cylinder  and  transfer  the  same 
to  a  separator,  rinsing  the  cylinder  with  a  little  ether.     To  the  con- 
tents of  the  separator  add  15  Cc.  of  normal  sulphuric  acid,  shake 
moderately,  and  allow  the  liquids  to  separate.     Draw  ofl*  the  lower 
acid  solution  into    another  separator,  and   to  the  contents  of  the 
first  separator  add  5  Cc.  more  of  normal  acid  and  5  Cc.  of  distilled 
water  and  shake.      After  complete  separation,  again  draw  off  the 
lower  liquid  into  the  second  separator.     Wash  the  contents  of  the 
first  separator  with  5  Cc.  of  distilled  water,  and  after  separation 
draw  this  also  off  into  the  second  separator.     Introduce  a  smaW 
piece  of  red  litmus  paper  into  the  second  separator,  add  25  Cc.  of 
ether  and  an  excess  oi  ammonia  water,  shake  moderately  for  a  fe^ 
minutes  and  allow  the  liquids  to  separate,  after  which  draw  the 
lower  aqueous  fluid  carefully  into  a  clean  separator,  and  pour  the 
«pper  ethereal  solution  into  a  tared  Erlenmeyer  flask  or  beaker. 
Shake  out  the  alkaline  aqueous  fluid  twice  more  with  ether,  using 
20  Cc.  each  time,  and  proceed  as  before,  adding  the  ethereal  solu- 
tions to  the  contents  of  the  beaker  or  flask.     Evaporate  or  distil  off 
the  ether  carefully  on  a  water-bath  and  dry  the  alkaloidal  residue 
to  constant  weight  at  100°  C.  (212°  F.).    Tlie  weight  of  dry  residue 
found  multiplied  by  10  gives  the  percentage  of  hydrastine  in  the  drug. 

Assay  of  Floidextract  of  Hydrastis. — Measure  10  Cc.  of  the 
fluidextract  into  a  100  Cc.  measuring  flask,  add  85  Cc  of  distiUnl 
water  in  which  2  Gm.  of  potassium  iodide  have  been  previouslv 
dissolved,  and  sufiicient  water  to  make  100  Cc.  and  shake  lor  severil 
minutes.  Then  filter  ofi^  50  Cc.  of  the  liquid  into  a  separator. 
Render  the  liquid  alkaline  with  ammonia,  add  30  Gc  of  ether,  and 
shake  at  intervals  during  several  minutes.  Draw  off  the  aqae^io? 
layetr  into  a  beaker,  and  then  the  ethereal  portion  into  another  tared 
beaker.  Return  the  aqueous  solution  from  the  beaker  to  the  sepaw- 
tor,  and  shake  it  with  20  Cc.  more  of  ether  for  a  minute.  Pra'^ 
off  and  reject  the  aqueous  layer,  and  then  draw  off  the  ethereal 
layer  into  the  tared  beaker.  Allow  the  ether  to  ex^porate  at  i 
gentle  heat,  dry  the  residue  in  the  beaker  to  constant  weight  on  i 
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irater-bath,  and  then  weigh.  The  weight  obtained,  multiplied  by 
20,  gives  the  weight  in  grammes  of  hydrastine  contained  in  100  Cc. 
of  the  fluidextract.. 

The  object  of  adding  solution  of  potassium  iodide  to  the  fluid- 
extract  of  hydrastis  before  rendering  the  latter  alkaline,  is  to  get 
rid  of  the  berberine  present,  which  is  precipitated  as  hydroiodide 
and  filtered  out. 

Assay  of  Tincture  of  Hydrastis.— Transfer  100  Cc.  of  tincture 
of  hydrastis  to  an  evaporating  dish,  and  evaporate  it  on  a  water- 
bath  until  the  liquid  measures  about  10  Cc.  If  any  insoluble  matter 
has  separated,  add  sufficient  alcohol  to  dissolve  it,  and  then  assay 
the  resulting  liquid  by  the  method  given  above  for  the  assay  of 
fluidextract  of  hydrastis,  usine  the  same  details  as  there  directed  for 
10  Cc.  of  the  fluidextract,  with  the  exception  that  the  weight  of  the 
residual  alkaloids  must  be  multiplied  by  2  instead  of  by  20,  as  there 
directed,  to  give  the  weight  in  grammes  of  hydrastine  contained  in 
100  Cc.  of  the  tincture. 

ASSAY   OF   IFEOAO   AND   ITS   FREPABATIONS. 

The  chief  alkaloids  found  in  ipecac  are  cephaeline  and  emetine  or 
methylcephaeline,  together  with  a  very  small  amount  of  psychotrine. 
Although  they  are  not  always  present  in  the  same  proportions,  the 
Pharmacopoeia  by  giving  the  equivalent  of  combined  ipecac  alka- 
loids for  Y^  sulphuric  acid  as  0.02384  Gm.  for  each  Cc.  recognizes 
only  the  two  first-named  and  as  present  in  equal  proportions,  for 
the  equivalent  of  cephaeline  for  ^tne  acid  is  0.02314  Gm.  and  for 
emetine  0.02453  Gm.,  the  mean  of  which  is  0.02384  Gm.    The 
alkaloid  psychotrine,  being  insoluble  in  ether  will  be  left  in  the 
dregs.     It  is  possible  to  separate  the  cephaeline  from  the  emetine  by 
the  solubility  of  the  former  in  sodium  hydroxide  solution  and  then 
to  determine  the  exact  quantity  of  each  present  in  any  sample  of 
ipecac,  but  for  purposes  of  valuation  of  the  drug  this  more  tediojus 
method  is  quite   unnecessary.     The  official  requirements  are  that 
ipecac  shall  contain  not  less  than  1.75  per  cent,  of  alkaloids,  and  the 
fluidextract  of  ipecac  1.50  Gm.  of  the  same  in  100  Cc. 

Assay  of  Ipecac. — Introduce  15  Gm.  of  ipecac,  in  No.  80  pow- 
der, into  an  Erlenmeyer  flask  of  250  Cc.  capacity,  add  115  Cc.  of 
ether  and  35  Cc.  of  chloroform,  shake  the  flask  during  five  minutes, 
and  then  add  3  Cc.  of  ammonia  water  and  shake  the  flask  at  inter- 
vals during  half  an  hour.  Now  add  10  Cc.  of  distilled  water, 
shake  the  liquid  until  the  powder  collects  in  masses,  and  pour  off 
100  Cc.  of  the  clear  ether-solution  into  a  measuring  cylinder. 
Transfer  the  latter  to  a  separator,  add  10  Cc.  of  normal  sulphuric 
acid  and  10  Cc.  of  distilled  water.  Shake  the  separator  moderately 
during^  two  minutes,  and  when  the  liquids  have  separated,  draw  off 
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the  lower  solution  into  a  second  separator.  Kepeat  the  shaking  out 
of  the  ether-solution  with  3  Cc.  of  normal  sulpnuric  acid  and  5  Cc 
of  distilled  water,  drawing  off  the  acid  solution  into  the  second 
separator.  Kepeat  the  shaking  out  again,  using  10  Cc.  of  distilled 
water,  and  add  the  aqueous  solution  to  the  second  separator.  Bejed 
the  ether  in  the  first  separator,  introduce  a  small  piece  of  red  litmus- 
paper  into  the  second  separator,  add  enough  ammonia  water  to 
render  the  liquid  alkaline,  and  25  Cc.  of  ether,  and  then  shake  the 
separator  vigorously  during  five  minutes;  draw  off  the  alkaline 
liquid  into  the  other  separator,  and  the  ether  solution  into  a  fla^k. 
Again  shake  out  the  alkaline  liquid  with  20  Cc.  and  10  Cc.  of  ether, 
and,  having  shaken  the  separator  during  one  minute,  add  the  ether 
solutions  to  the  liquid  in  the  flask,  rejecting  the  alkaline  liquid.  Dis- 
til the  ether  from  the  flask  with  the  aid  of  a  water-bath,  and  dissolve 
the  alkaloidal  residue  in  exactly  12  Cc.  of  j^  sulphuric  acid,  warm- 
ing gently  on  a  water-bath  if  necessary.  Then  add  5  drops  of 
oochmeal  test-solution  and  titrate  with  ^  potassium  hydroxide 
solution.  Divide  the  number  of  cubic  centmieters  of  ^  potassiam 
hydroxide  solution  used  by  5,  subtract  the  quotient  from  12  (the 
12  Cc.  of  -A-  sulphuric  acid  taken),  and  multiply  the  remainder  bv 
0.0238,  ana  this  product  by  10,  which  will  give  the  percentage  of 
alkaloids  in  the  ipecac 

Assay  of  Flnidextract  of  Ipecac— Transfer  10  Cc.  of  floid- 
extract  of  ipecac  to  a  small  evaporating  dish,  drive  off  the  alcohol 
by  means  of  a  water-bath,  and  when  almost  cool  add  5  Cc  of 
normal  sulphuric  acid  and  stir  until  all  the  alkaloids  have  been  disr 
solved.  Filter  into  a  separator,  rinse  the  dish,  and  wash  the  filter 
successively  with  10  Cc  and  6  Cc  of  distilled  water,  and  add 
these  liquids  to  the  separator.  To  the  separator  add  20  Cc  of  ether 
and  a  small  piece  of  red  litmus-paper ;  render  the  liquid  alkaline 
with  ammonia  water,  and  shake  for  one  minute.  Draw  off  the  lower 
aqueous  layer  into  a  beaker,  and  the  ethereal  layer  into  another 
beaker.  Return  the  aqueous  solution  to  the  separator,  and  shake 
with  10  Cc  more  of  ether,  adding  the  ethereal  solution  to  that 
already  in  the  beaker.  After  again  returning  the  aqueous  solntion 
to  the  separator,  shake  a^in  with  10  Cc  of  ether,  and  then  add  the 
ethereal  layer  to  that  already  in  the  beaker.  Allow  the  combined 
ether  solutions  to  evaporate  either  spontaneously  or  with  the  aid  of 
a  water-bath,  and  then  add  10  Cc  of  ^is  sulphuric  acid.  Stir 
the  liquid  carefully  with  a  glass  rod  to  facilitate  the  solution  of 
the  alkaloids,  and  when  these  have  all  dissolved,  add  5  drap 
of  cochineal  solution.  From  a  graduated  burette  add  suflScicat 
/^  potassium  hydroxide  solution  to  just  cause  the  yellow  color  of  the 
solution  to  turn  purple.  Divide  the  number  of  Cc.  of  t;^  potassium 
hydroxide  solution  used  by  5,  subtract  the  quotient  from  10  (the 
10  Cc.  of  Y^  sulphuric  acid  used),  and  multiply  the  remainder  br 
0.0238,  and  this  product  by  10  (or  multiply  at  once  by  0.23^> 


ASSAY  OF  ALKALOIDAL  DRUGS,  773 

which  will  give  the  weight  in  grammes  of  alkaloids  contained  in 
each  100  Cc.  of  the  fluidextract. 

ASSAY  OF  NUX  VOIQOA  AND  ITS  PBEPABATIONS. 

Although  nux  vomica  contains  two  alkaloids  in  nearly  the  same 
proportions,  it  is  preferred  to  determine  the  value  of  the  drug  and 
its  preparations  according  to  the  strychnine  content,  as  this  alkaloid 
represents  the  chief  therapeutic  action  of  the  drug  and  is  far  more 
poisonous  than  brucine.  The  official  method  of  assay  is  somewhat 
tedious,  but  with  careful  manipulation  will  yield  very  satisfactory 
results.  The  Pharmacopoeia  requires  that  nux  vomica  shall  contain 
not  less  than  1.25  per  cent,  of  strychnine;  extract  of  nux  vomica, 
6  per  cent,  of  strychnine ;  fluidextract  of  nux  vomica,  1  Gm.  of 
strychnine  in  100  Cc. ;  tincture  of  nux  vomica,  0.1  Gm.  of  strych- 
nine in  100  Cc. 

Assay  of  Nux  Vomica. — Introduce  20  Gm.  of  nux  vomica,  in 
!No.  60  powder,  in  a  250  Cc.  flask  and  pour  over  it  200  Cc.  of  a 
mixture  of  ether  137.5  Cc,  chloroform  44  Cc,  alcohol  13.5  Cc,  and 
10  per  cent,  ammonia  water  5  Cc.     Cork  well,  shake  frequently 
during  an  hour,  and  let  stand  in  a  cool  place  overnight.     Decant 
into  a  measuring  cylinder  100  Cc.  of  the  ethereal  liquid  (represent- 
ing 10  Gm.  of  nux  vomica)  and  pour  this  into  a  separator,  prefera- 
bly of  globular  shape.     Now  wash  out  the  cylinder  with  a  little 
chloroform,  and  add  this  to  the  separator.    Next  add  to  the  contents 
of  the  latter  15  Cc  of  normal  sulphuric  acid,  and  shake  moderately 
during  one  minute,  being  careful  to  avoid  emulsification,  and  after 
allowing  the  liquids  to  separate  completely,  draw  ofl^  the  entire  acid 
liquid   into  another  separator  or  a  beaker.     Eepeat  this  treatment 
-with  5  and  3  Cc.  more  of  normal  sulphuric  acia,  and  after  mixing 
all  the  acid  solutions,  pour  them  into  a  separator.     If  a  drop  of  the 
last  acid  solution  yields  a  precipitate  with  mercuric  potassium  iodide 
test-solution,  repeat  the  washing  of  the  ethereal  liquid  with  5  Cc. 
more  of  normal  sulphuric  acid.     To  the  combined  acid  solutions  in 
the  separator,  add  a  small  piece  of  red  litmus-paper,  25  Cc.  of  chlo- 
roform, and  then  an  excess  of  ammonia  water,  snaking  until  all  the 
alkaloids  have  been  dissolved  in  the  chloroform.    Draw  ofl^  the  latter 
into  a  100  Cc  flask,  and  repeat  the  shaking-out  process  with  two 
additional  portions  of  15  Cc.  each  of  chloroform,  adding  the  latter 
to  that  already  in  the  flask.     Evaporate  the  combined  chloroformic 
^^lutions  in  the  flask  until  the  alKaloidal  residue  is  dry.     Dissolve 
the  residue  in  15  Cc  of  3  per  cent,  sulphuric  acid  by  the  aid  of 
water-bath  heat,  and  cool  the  solution  to  ordinary  temperature.     To 
this  solution  add  3  Cc  of  a  previously  cooled  mixture  of  equal  vol- 
umes of  nitric  acid  (specific  gravity  1.42)  and  distilled  water,  and 
after  rotating  a  few  times  set  the  liquid  aside  for  exactly  ten  minutes, 
shaking  it  gently  three  times  during  this  interval.     The  resulting 
red  liquid  is  transferred  to  a  separator  containing  25  Cc.  of  a  10  per 
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cent,  solution  of  sodium  hydroxide,  the  flask  being  washed  three 
times  with  very  small  quantities  of  distilled  water,  which  is  then 
added  to  the  contents  of  the  separator.  If  the  liquid  is  not  quite 
turbid,  add  2  Cc.  more  of  the  10  per  cent,  sodium  hydroxide  solu- 
tion. Now  add  20  Cc.  of  chloroform  to  the  liquid  in  the  separator, 
and  shake  well  by  a  rotating  motion  for  a  few  minutes,  let  separate 
and  draw  off  the  chloroform  through  a  small  filter,  w^etted  with  chlo- 
roform, into  a  beaker.  Repeat  this  treatment  twice,  using  10  Cc.of 
chloroform  each  time,  and  draw  both  portions  off  into  the  beaker 
through  the  same  filter.  Finally,  wash  both  filter  and  funnel  with 
5  Cc.  of  chloroform,  and  then  evaporate  all  the  chloroform  on  a 
water-bath  very  carefully  to  avoid  decrepitation.  To  the  alkaloidal 
residue,  add  6  Cc.  of  ^ir  sulphuric  acid,  5  drops  of  iodeosia 
test-solution,  about  80  Cc.  of  distilled  water,  and  20  Cc.  of  ether. 
When  all  the  alkaloi<i  is  dissolved,  titrate  the  excess  of  acid  with 
^  potassium  hydroxide  solution  until  the  aqueous  liquid  just  turns 
pint.  Divide  the  number  of  Cc.  of  -^  potassium  hydroxide  solu- 
tion used  by  5,  subtract  this  number  from  6  (the  6  Ca  of  -^  sul- 
phuric acid  taken),  multiply  the  remainder  by  0.0332,  and  this  prod- 
uct by  10,  which  will  give  the  percentage  of  strychnine  in  the  sample 
of  nux  vomica. 

Assay  of  Extract  of  Nux  Vomica. — Put  2  Gm.  of  extract  of 

nux  vomica  in  a  beaker  and  dissolve  it  in  25  Cc.  of  a  mixture  of  16 
Cc.  of  ether,  5  Cc.  of  chloroform,  and  4  Cc.  of  ammonia  water. 
When  dissolved,  transfer  it  to  a  separator,  rinsing  the  beaker  with  a 
little  chloroform,  and  adding  the  rinsings  to  the  separator.  Insert 
the  stopper  securely  and  shake  the  separator  carefully  for  a  few  min- 
utes. Draw  off  the  aqueous  layer  into  another  separator,  washing 
the  ether  solution  and  separator  with  a  little  water,  and  adding  this 
to  the  second  separator.  Then  shake  out  the  aqueous  liquid  with 
two  portions  of  15  and  10  Cc,  respectively,  of  chlorofortn,  and  add 
these  to  the  first  separator.  If  a  few  drops  of  the  liquid  left  in  the 
second  separator  still  give  a  reaction  with  mercuric  potassium  iodide 
test-solution  after  acidulating,  repeat  the  shaking  out  with  10  Cc. 
more  of  chloroform.  Now  shake  out  the  chloroform  solution  in  the 
first  separator  with  three  portions  of  15,  10,  and  10  Cc  each  of 
sulphuric  acid  (3  per  cent.),  and  collect  the  combined  acid  solutions 
in  another  separator.  Intnxluce  a  small  piece  of  red  litmus-paper» 
add  enough  ammonia  water  to  render  the  liquid  alkaline,  and  extract 
the  mixture  with  three  portions,  respectively,  of  15,  10,  and  10  Cc. 
each  of  chloroform.  Draw  off  the  chloroformic  solutions  into  a 
beaker,  and  evaporate  the  chloroform  with  the  aid  of  a  water-bath. 
Dissolve  the  alkaloidal  residue  in  the  beaker  in  15  Cc.  of  3  per 
cent,  sulphuric  acid  solution  by  the  aid  of  a  water-bath,  and  allow 
the  liquid  to  cool.  To  this  solution  add  3  Cc.  of  a  cooled  mixture 
of  equal  parts  of  nitric  acid  (specific  gravity  1.42)  and  distilW 
water,  and  after  rotating  the  liquid  a  few  times,  set  it  aside  for  exactly 
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ten  minutes,  shaking  it  gently  three  times  during  this  interval. 
Transfer  the  resulting  red  liquid  to  a  separator  containing  26  Cc.  of 
an  aqueous  solution  of  sodium  hydroxide  (1  in  10)  and  wash  the 
beaker  three  times  with  very  small  amounts  of  distilled  water,  and 
add  the  washings  to  the  separator.  If  the  liquid  be  not  quite  turbid^ 
add  2  Cc.  more  of  the  solution  of  sodium  hydroxide.  Now  add  20  Cc. 
of  chloroform  to  the  separator,  and  shake  it  well  by  a  rotating  motion 
for  a  few  minutes,  allow  the  liquids  to  separate,  and  draw  off  the 
chloroform  through  a  small  filter,  wetted  with  chloroform,  into  a 
beaker.  Kepeat  this  twice,  using  10  Cc.  of  chloroform  each  time^ 
and  draw  off  both  portions  into  the  beaker,  using  the  same  filter. 
Finally,  wash  the  filter  and  funnel  with  5  Cc.  of  chloroform,  and 
tlien  evaporate  all  the  chloroform  by  means  of  a  water-bath,  very 
carefully,  to  avoid  decrepitation.  To  thealkaloidal  residue  add  10  Cc. 
of  ^  sulphuric  acid,  5  drops  of  iodeosin  test-solution,  about  90  Cc. 
of  distilled  water,  and  20  Cc.  of  ether.  When  all  the  alkaloid  is 
dissolved,  titrate  the  excess  of  acid  with  /^  potassium  hydroxide 
solution  until  aqueous  liquid  just  turns  pink.  Divide  the  number 
of  Cc.  of  -^  i)otassium  hydroxide  solution  used  by  5,  subtract  this 
number  from  10  (the  10  Cc.  of  A-  sulphuric  acid  used),  multi- 
ply the  remainder  by  0.0332,  ana  this  product  by  50,  which  will 
give  the  percentage  of  strychnine  contained  in  the  extract  of 
nux  vomica. 

Assay  of  Flnidextract  of  Nux  Vomica. —Transfer  10  Cc.  of 
fluidextract  of  nux  vomica  to  a  porcelain  dish,  evaporate  it  to  dry- 
ness by  means  of  a  water-bath,  and  dissolve  the  resiaue,  while  warm, 
in  a  mixture  of  16  Cc.  of  ether,  5  Cc.  of  chloroform,  and  4  Cc.  of 
ammoDia  water,  and  transfer  the  solution  to  a  separator,  rinsing  the 
dish  with  a  little  chloroform,  which  is  to  be  added  to  the  separator, 
and  shake  the  separator  carefully  for  a  few  minutes.     When  the 
liquids   have  separated,  draw  off  the  aqueous  layer  into  another 
separator,  washing  the  chloroform-ether  liquid  and  separator  with  a 
little  water,  and  adding  this  to  the  second  separator.     Then  shake 
the  aqueous  liquid  with  two  successive  portions  of  15  and  10  Cc., 
respectively,  of  chloroform,  and  add  these  to  the  first  separator.     If 
a  small  portion  of  the  liquid  left  in  the  second  separator  still  shows, 
after  acidifying,  a  reaction  with  mercuric  potassium  iodide  test-solu- 
tion, repeat  the  shaking  out  with  10  Cc.  more  of  chloroform.     Now 
shake   the  combined  liquids  in  the   first  separator  with  three  suc- 
cessive  portions,  respectively,  of  15,  10,  and  10  Cc.  of  normal  sul- 
phuric  acid,  and   collect  the   combined   acid   solutions  in  another 
separator.     To  this  acid  solution  add  a  small  piece  of  red  litmus- 
paper  and  sufficient  ammonia  water  to  render  it  alkaline,  then  shake 
out  successively  with  three  portions,  respectively,  of  25,  10,  and  10 
Cc.  of  chloroform,  and  collect  the  chloroform  solutions  in  a  beaker. 
Evaporate  the  chloroform  with  the  aid  of  a   water-bath,  dissolve 
the  alkaloid  residue  in  15  Cc.  of  3  per  cent,  sulphuric  acid  by  the 
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aid  of  a  water-bath^  and  allow  the  liquid  to  cool.  To  this  soIutioD 
add  3  Cc.  of  a  cooled  mixture  of  equal  volumes  of  nitric  acid  (spe- 
cific gravity,  1.42)  and  distilled  water,  and,  after  rotating  the  liquid 
a  few  times,  set  it  aside  for  exactly  ten  minutes,  stirring  it  gently 
three  times  during  this  interval.  Transfer  the  resulting  red  liquiii 
to  a  separator  containing  25  Cc.  of  an  aqueous  10  per  cent,  sodium 
hydroxide  solution,  wash  the  beaker  three  times  with  very  small 
amounts  of  distilled  water,  and  add  the  washings  to  the  separator. 
If  the  liquid  is  not  quite  turbid,  add  2  Cc.  more  of  the  sodium 
hydroxide  solution.  Now  add  20  Cc.  of  chloroform  to  the  separa- 
tor, and  shake  it  well  by  a  rotating  motion  for  a  few  minute,  allow 
the  liquids  to  separate,  and  draw  off  the  chloroform  through  a  small 
filter,  wetted  with  chloroform,  into  a  beaker.  Repeat  this  twice, 
using  10  Cc.  of  chloroform  each  time,  and  draw  off  both  portions 
into  the  beaker,  using  the  same  filter.  Finally,  wash  the  filter  and 
funnel  with  5  Cc.  of  chloroform,  and  then  evaporate  all  the  chloro- 
form by  means  of  a  water-bath,  very  carefully,  to  avoid  decrepita- 
tion. To  the  alkaloidal  residue  add  10  Cc.  of  j^  sulphuric  acid,  5 
drops  of  iodeosin  test-solution,  about  80  Cc.  of  water,  and  20  Cc.  of 
ether.  When  all  the  alkaloid  is  dissolved,  titrate  t}ie  excess  of  add 
with  ^'^  potassium  hydroxide  solution  until  the  aqueous  liquid  just 
turns  pink.  Divide  the  number  of  Cc.  of  -^  potassium  hydroxide 
solution  used  by  5,  subtract  the  quotient  from  10  (the  10  Cc.  of  y^ 
sulphuric  acid  used),  multiply  the  remainder  by  0.0332,  and  this 
product  by  10  (or  multiply  at  once  by  0.332),  which  will  give  the 
weight  in  grammes  of  strychnine  contained  in  100  Ca  of  the  fluid- 
extract  of  nux  vomica. 

Assay  of  Tincture  of  Nux  Vomica.— Transfer  1 00  Cc.  of  tinc- 
ture of  nux  vomica  to  a  porcelain  dish,  evaporate  to  dirness  on  a 
water-bath,  and  assay  the  resulting  extract  by  the  method  given 
on  page  774  for  the  assay  of  extract  of  nux  vomica,  using  the  same 
details  as  there  directed  for  2  Gm.  of  the  extract  of  nux  vomica,  with 
the  exception  that  the  multiplication  by  50  be  omitted ;  the  result  will 
represent  the  weight  in  grammes  of  strychnine  contained  in  100  Cc 
of  the  tincture. 


ASSAY  OF  OPIUM  AND  ITS  PBEPABATI0N8. 

The  valuation  of  opium  is  always  made  on  the  basis  of  its  mor- 
phine content,  and  the  official  assay  method  is  that  generally  known 
as  Sauibb's  method,  which  is  a  modification  of  that  first  suggested  by 
FliicKiger.  The  Pharmacopoeia  demands  that  the  morphine  extract<<l 
be  weighed  in  the  form  of  crystals  containing  1  molecule  of  water, 
about  5.9  per  cent.,  and  for  this  reason  directs  that  the  crystals  be 
dried  at  a  temperature  not  exceeding  60°  C.  (140°  F.).  It  requires 
that  opium  in  the  moist  state  shall  yield  not  less  than  9  per  cent,  of 
crystallized  morphine,  and  when   dried   and   in   fine   or  granular 
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powder,  not  less  than  12,  and  not  more  than  12.5,  per  cent.  Deodor- 
ized  opium  should  yield  the  same  percentage  of  crystallized  morphine 
as  powdered  opium.  Extract  of  opium  is  required  to  yield  20  per 
cent,  of  crystallized  morphine,  and  tincture  of  opium,  as  well  as 
tincture  of  deodorized  opium,  must  contain  not  less  than  1.2  Gm. 
nor  more  than  1.25  Gm.  of  crystallizable  morphine  in  100  Cc.  No 
official  requirement  is  made  for  the  morphine  content  of  vinegar  of 
opium  and  wine  of  opium,  but  as  both  preparations  are  directed 
to  be  made  from  the  official  powdered  opium  in  the  proportion  of 
10  Gm.  to  100  Cc,  they  will,  if  carefully  preparea,  contain  the 
Siime  quantity  of  morphine  as  tincture  of  opium,  or  1.2  to  1.25  Gm. 
in  100  Cc. 

Morphine,  being  present  in  opium  chiefly  as  sulphate,  is  readily 
extracted  with  water ;  but  along  with  it  other  substances,  such  as 
codeine,  narceine,  coloring  matter,   inorganic  salts,  etc.,   are  also 
brought  into  solution,  which  it  is  intended  to  remove  entirely  or 
retain  in  solution  by  the  addition  of  alcohol  and  ether  when  the 
precipitation  of  morphine  is  finally  effected.     As  pure  morphine  is 
not  entirely  insoluble  in  water,  a  dilute  mother-liquid  is  undesir- 
able ;  hence  concentration  of  the  infusion  is  resorted  to  in  order  to 
reduce  the  loss  from  this  source ;  the  addition  of  alcohol  has  been 
found  advantageous  in  preventing  the  precipitation  of  much  coloring 
matter  alon^  with  the  morphine,  and  is  by  no  means  hurtful  in  the 
proportion  directed.     The  ether  removes  the  codeine  and  other  ether- 
soluble  alkaloids,  and,  moreover,  by  its  saturation  of  the  aqueous 
iluid,  still  further  reduces  the  solvent  power  of  the  latter  on  the 
freshly  precipitated  morphine.     The  addition  of  the  ammonia  water 
decomposes  the  morphine  salt  in  solution,  and  the  free  alkaloid 
gradually  separates  m   the  form  of  crystals,  which  separation  is 
materially  aided   by  actively  shaking  the  flask  for  ten  or  fifteen 
minutes. 

As  it  is  not  always  convenient  to  maintain  a  temperature  at  or  not 
exceeding  60®  C.  (140®  F.)  during  the  drying  of  the  crystals,  this 
operation  may  be  carried  on  in  a  boiling  water-bath  for  four  hours  or 
in  an  air-bath  at  110°  C.  (230°  F.)  for  two  hours,  to  constant  weight. 
In  this  way  the  crystals  of  morphine  will  be  rendered  anhydrous, 
which  will  necessitate  multiplication  of  the  weight  by  1.063,  in  order 
to  get  the  result  in  terms  of  hydrated  crystals,  as  demanded  by  the 
Pharmacopoeia. 

Assay  of  Opium. — Introduce  10  Gm.  of  opium,  which,  if  fresh, 
should  be  in  very  small  pieces,  and  if  dry,  in  very  fine  powder,  into 
an  Erlenmeyer  flask  having  a  capacity  of  about  300  Cc,  add  100  Cc. 
of  distilled  water,  cork  it  well,  and  agitate  every  ten  minutes,  or  in  a 
mechanical  shaker,  during  three  hours.  Then  pour  the  whole  as 
evenly  as  possible  upon  a  wetted  filter  having  a  diameter  of  12  Cm., 
and,  when  the  liauid  has  drained  ofl^,  wash  the  residue  with  distilled 
water,  carefully  dropped  upon  the  edges  of  the  filter  and  its  con- 
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tents,  until  150  Cc.  of  filtrate  are  obtained.  Then  carefully  transfer 
the  moist  opium  back  to  the  fiask  by  means  of  a  spatula,  add  50  Cc. 
of  distilled  water,  agitate  thoroughly  and  repeatedly  during  fifteen 
minutes,  and  return  the  whole  to  the  filter.  When  the  liquid  has 
drained  off  wash  the  residue  as  before,  until  the  second  filtrate 
measures  150  Cc,  and  finally  collect  about  20  Cc.  more  of  a  third 
filtrate.  Evaporate  in  a  tared  capsule,  first  the  second  filtrate  to  a 
small  volume,  and  then  add  the  first  filtrate,  rinsing  the  vessel  with 
the  third  filtrate,  and  continue  the  evaporation  until  the  residue 
weighs  14  Gm. 

Kotate  the  concentrated  solution  about  in  the  capsule  until  the 
rings  of  extract  are  dissolved,  pour  the  liquid  into  a  tared  Erlen- 
meyer  flask  having  a  capacity  of  about  100  Cc,  and  rinse  the  cap- 
sule with  a  few  drops  oi  water  at  a  time,  until  the  entire  solution 
weighs  20  Gm.  Then  add  10  Gm.  of  alcohol,  shake  well,  add 
25  Cc  of  ether,  and  shake  again.  Now  add  3.6  Cc  of  ammonia  ^i-ater 
from  a  graduated  pipette  or  burette,  stopper  the  flask  with  a  soanJ 
cork,  shake  it  thoroughly  during  ten  mmutes,  and  then  set  it  aside, 
in  a  moderately  cool  place,  for  at  least  sixteen  hours. 

Remove  the  stopper  carefully,  and  should  any  crystals  adhere  to 
it,  brush  them  into  the  flask.     Place  in  a  small  funnel  two  rapidly 
acting  filters  of  a  diameter  of  7  Cm.,  plainly  folded,  one  within  the 
other  (the  triple  fold  of  the  inner  filter  being  laid  against  the  single 
side  of  the  outer  filter),  wet  them  well  with  ether,  and  decant  tae 
ethereal  solution  as  completely  as  possible  upon  the  inner  filter. 
Add  10  Cc.  of  ether  to  the  contents  of  the  flask,  rotate  it,  and  again 
decant  the  ethereal  layer  upon  the  inner  filter.     Repeat  this  opera- 
tion with  another  portion  of  10  Cc.  of  ether.     Then  pour  the  liquid 
in  the  flask  into  the  filter,  in  portions,  in  such  a  way  as  to  transfer 
the  greater  portion  of  the  crystals  to  the  filter,  and,  when  the  liqaid 
has  passed  through,  transfer  the  remaining  crystals  to  the  filter  by 
washing  the  flask  with  several  portions  of  water,  using  not  more 
than  about  15  Cc  in  all.     Use  a  feather  or  rubber-tipped  glass  rod 
to  remove  the  crystals  that  adhere  to  the  flask.     Allow  the  double 
filter  to  drain,  then  apply  water  to  the  crystals,  drop  by  drop,  until 
they  are  practically  free  from  mother-liquor,  and  afterward  wash 
them,  drop  by  drop,  from  a  pipette,  with  alcohol  previously  sato- 
rated  with  powdered  morphine.     When  this  has  passed  throagfa, 
displace  the  remaining  alcohol  by  ether,  using  about  10  Cc.  or  more 
if  necessary.     Allow  the  filter  to  dry  in  a  moderately  warm  place  at 
a  temperature  not  exceeding  60^  C.  (140°  F.)  until  its  weight  re- 
mains constant,  then  carefully  transfer  the  crystals  to  a  tared  watch- 
glass  and  weigh  them. 

Place  the  crystals  (which  are  not  quite  pure)  in  an  Erlenmeyer 
flask,  add  lime  water  (10  (Jc  for  each  0.1  Gm.  of  morphine),  and 
shake  the  flask  at  intervals  during  half  an  hour.  Filter  throi^ 
two  counterpoised  rapidly  acting  filters,  one  within  the  other,  as 
directed  above.     Rinse  the  flask  with  more  lime  water  and  wa?h  the 
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filters  with  the  same  fluid  until  the  filtrate,  after  acidulating,  yields- 
no  more  precipitate  with  mercuric  potassium  iodide  test-solution. 
Press  the  filters  until  nearly  dry  between  bibulous,  paper  and  dry 
them  to  constant  weight,  and  weigh.  Deduct  the.  weight  of  the  in- 
soluble matter  remaining  on  the  filter  from  the  weight  of  the  impure 
morphine  previously  found.  The  difference  multiplied  by  10  repre- 
sents the  percentage  of  crystallized  morphine  contained  in  the 
opium. 

Assay  of  Extract  of  Opium.— Dissolve  4  Gm.  of  extract  of 
opium  in  30  Cc.  of  water,  filter  the  solution  through  a  small  filter,, 
and  wash  the  filter  and  residue  with  water  until  all.  soluble  matters, 
are  extracted,  collecting  the  washings  separately.  Evaporate,  in  a 
tared  capsule,  first,  the  washings  to  a  small  volume,  then  add  the 
first  filtrate,  and  evaporate  the  whole  to  a  weight  of  10  Gm.  Rotate 
the  concentrated  solution  about  in  the  capsule  until  the  rings  of  ex- 
tract are  redissolved,  pour  the  liquid  into  a  tared  Erlenmeyer  flask 
having  a  capacity  of  about  100  Cc,  and  rinse  the  capsule  with  a  few 
drops  of  water  at  a  time,  until  the  entire  solution  weigns  15  Gm.  Thea 
add  7  Gm.  (8.6  Cc.)  of  alcohol,  shake  well,  add  20  Cc.  of  ether,  and 
shake  again.  Now  add  2.2  Cc.  of  ammonia  water  from  a  graduated 
pipette  or  burette,  stopper  the  flask  with  a  sound  cork,  shake  it 
thoroughly  during  ten  minutes,  and  then  set  it  aside,  in  a  moderately 
cool  place,  for  at  least  six  hours,  or  over  night. 

Remove  the  stopper  carefully,  and  should  any  crystals  adhere  to* 
it.  brush  them  into  the  flask.     Place  in  a  small  funnel  two  rapidly 
acting  filters,  of  a  diameter  of  7  Cm.,  plainly  folded,  one  within  the 
other  (the  triple  fold  of  the  inner  filter  being  laid  against  the  single 
side  of  the  outer  filter),  wet  them  well  with  ether,  and  decant  the 
ethereal  solution  as  completely  as  possible  upon  the  inner  filter. 
Add  10  Cc.  of  ether  to  the  contents  of  the  flask,  rotate  it,  and  agaia 
decant  the  ethereal  layer  upon  the  inner  filter.     Repeat  this  opera- 
tion with  another  p)rtion  of  10  Cc.  of  ether.     Then  pour  into  the 
filter  the  liquid  in  the  flask,  in  portions,  in  such  a  way  as  to  transfer 
the  greater  portion  of  the  crystals  to  the  filter,  and,  when  this  has 
passed  through,  transfer  the  remaining  crystals  to  the  filter  by  wash- 
ing the  flask  with  several  portions  of  water,  using  not  more  than 
about  10  Cc.  in  all.     Allow  the  double  filter  to  drain,  then  apply 
water  to  the  crystals,  drop  by  drop,  until  they  Are  practically  free 
from  mother-water,  and  afterward  wash  them,  drop  by  drop,  from  a 
pipette,  with  alcohol  previously  saturated  with  powdered  morphine. 
When  this  has  passed  through,  displace  the  remaining  alcohol  by 
ether,  using  about  10  Cc.  or  more  if  necessary.     Allow  the  filter  to 
dry  in  a  moderately  warm  place,  at  a  temperature  not  exceeding- 
60'®  C  (140°  F.),  until  its  weight  remains  constant,  then  carefully^ 
transfer  the  crystals  to  a  tared  watch-glass  and  weigh  them. 

Transfer  the  crystals  (which  are  not  quite  pure)  to  an  Erlenmeyer 
flask,  add  lime  water  in  the  proportion  of  10  Cc.  for  each  0.1  Gm. 
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of  morphine,  and  shake  the  flask  at  intervals  for  twenty-five  minates. 
Filter  through  two  counterpoised,  rapidly  acting,  plainly  folded 
filters,  one  within  the  other  (the  triple  fold  of  the  inner  filter  being 
laid  against  the  single  fold  of  the  outer  filter).  Rinse  flask  with 
more  lime  water  and  wash  filter  with  the  same  fluid  until  filtrate, 
after  acidulating,  yields  no  more  precipitate  with  Mayer's  Solution. 
Press  the  filters  until  nearly  dry  between  bibulous  paper  and  dry 
them  to  constant  weight,  counterpoising  with  outer  filter,  and  wei^. 
Deduct  the  weight  of  the  insoluble  matter  on  the  filter  from  the 
weight  of  the  impure  morphine  previously  found,  and  the  differ- 
ence multiplied  by  25,  represents  the  percentage  of  pure  crystaUized 
morphine  contained  in  the  extract  of  opium. 

Assay  of  Tincture  of  Opium  and  Tincture  of  Deodorixed 

Opium. — ^Transfer  100  Cc.  of  tincture  of  opium  or  tincture  of 
deodorized  opium  to  an  evaporating  dish  and  evaporate  it  on  a  water- 
bath  to  about  20  Co.,  add  40  Cc.  of  water,  mix  thoroughly,  and  set 
the  liquid  aside  for  one  hour,  occasionally  stirrine  to  disintegrate  the 
resinous  flakes  adhering  to  the  dish.  Then  filter  the  liquid  and 
wash  the  filter  and  residue  with  water  until  all  soluble  matter  is 
extracted,  collecting  the  washings  separately.  Evaporate  in  a  tared 
dish,  first,  the  washings  to  a  small  volume,  then  add  the  first  filtrate 
and  evaporate  the  whole  to  a  weight  of  14  Gm.  Determine  the 
morphine  in  this  extract  by  the  method  given  on  page  778  for  the 
assay  of  opium  (beginning  with  the  word  "Rotate"  in  the  first  para- 
graph), using  the  same  details  as  there  directed  for  10  Gm.  of  opium, 
with  the  exception  that  the  final  multiplication  by  10  be  omitted. 
The  result  will  represent  the  weight  in  grammes  of  crystallized 
morphine  yielded  by  100  Cc.  of  the  tincture. 

The  object  of  evaporating  the  tincture  to  \  of  its  original  bulk  is 
to  get  rid  of  the  alcohol  present  and  thereby  cause  the  precipitation 
of  resinous  and  other  matter  insoluble  in  water.  The  precipitate 
formed  must  be  well  triturated  with  a  glass  rod  to  insure  complete 
extraction  of  the  morphine,  and  the  filter  and  residue  washed  with 
water  as  long  as  the  washings  have  a  bitter  taste,  or  when  acidu- 
lated show  a  reaction  with  Mayer's  Solution. 

The  crystallized  morphine  obtained  from  the  tinctures  of  opium 
is  always  much  purer  than  that  obtained  from  opium  itself,  and 
much  lighter  in  color. 

ASSAY  OF  PHTSOSTIOMA  AND  ITS  PREPAEATI0N8. 

The  chief  constituent  of  calabar  bean  is  physostigmiue,  associated 
with  three  other  alkaloids  of  minor  importance.  It  is  soluble  in  ether, 
as  is  also  eseridine,  which  acts  like  physostigmine,  but  calabarine  is 
insoluble  in  that  liquid.  Eseramine  is  devoid  of  physiol(^ical  activ- 
ity. The  Pharmacopceia  requires  that  physostigma  shall  contain  not 
less  than  0.15  per  cent,  of  ether-soluble  alkaloids,  extract  of  physo?- 
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tigma^  2  per  cent.,  and  tincture  of  pbysostigma,  0.014  Gm,  of  ether- 
soluble  alkaloids  in  100  Gni. 

Assay  of  Physostigma. — Introduce  20  Gm.  of  physostigma,  in 
Xo.  60  powder,  into  an  Erlenmeyer  flask  of  about  250  Cc.  capacity, 
add  200  Cc.  of  ether,  and  shake  the  flask  well  during  ten  minutes. 
Then  add  10  Cc.  of  an  aqueous  solution  of  sodium  bicarbonate  (1  in 
20),  and  shake  the  mixture  vigorously  at  intervals  during  four  hours. 
Allow  the  powder  to  settle,  and  decant  100  Cc.  of  the  ether-solution 
(representing  10  Gm.  of  physostigma)  into  a  measuring  cylinder ;  then 
transfer  it  to  a  separator,  introduce  a  small  piece  of  blue  litmus-paper, 
and  add  sufficient  normal  sulphuric  acid  to  render  the  liquid  acid,  and 
then  10  Cc.  of  distilled  water.     Shake  the  liquid  well  for  several 
minutes,  and  draw  off  the  aqueous  layer  into  another  separator.   Re- 
peat the  extraction,  using  2  Cc.  of  normal  sulphuric  acid  and  8  Cc. 
of  distilled  water,  add  the  acid  aqueous  layer  to  the  second  separator, 
and  finally  again  shake  out  the  ether  solution,  using  1  Cc.  of  normal 
sulphuric  acid  and  9  Cc.  of  distilled  water,  adding  this  also  to  the 
second  separator.     To  the  combined  acid  liquids  in  the  second  sepa- 
rator, add  25  Cc.  of  ether,  a  small  piece  of  red  litmus  paper,  and 
sufficient  sodium  bicarbonate  solution  (1  in  20)  to  render  it  alkaline. 
Shake  the  separator  for  one  minute,  allow  the  liquids  to  separate,  and 
draw  off  the  ether  into  a  beaker.     Repeat  the  shaking-out  process 
with  20  Cc.  and  again  with  15  Cc.  of  ether  added  to  the  separator, 
shake  each  time  for  one  minute,  allow  the  liquids  to  separate,  and 
draw  off  the  ether  into  the  beaker.     Carefully  evaporate  the  ether 
from  the  combined  solutions  by  means  of  a  water-bath,  and  when 
dry,  dissolve  the  residue   in  5   Cc.  of  y^r  sulphuric  acid  and   20 
Cc.  of  ether,  which  must  be  strictly  neutral,  and  transfer  this  solution 
to  a  bottle,  rinsing  with  80  Cc.  of  water ;  add  5  drops  of  iodeosin  test- 
solution,  and  titrate  the  excess  of  acid  with  -^  potassium  hydroxide 
until,  after  shaking,  the  aqueous  liquid  just  acquires  a  pink  color. 
Divide  the  number  of  cubic  centimeters  of  /^j-  potassium   hydro- 
xide used  by  5,  subtract  the  quotient  from  5  (the  5  Cc.  of  -A-  sul- 
phuric acid  taken),  and  multiply  the  remainder  by  0.0273,  and  this 
product  by  10 ;  the  result  will  be  the  percentage  of  alkaloids  soluble 
m  ether  contained  in  the  drug. 

Assay  of  Extract  of  Physostigma.— Put  1  Gm.  of  extract  of 

physostigma  into  a  small  porcelain  dish,  add  5  Cc.  of  diluted  alcohol, 
and  digest  for  five  minutes  on  a  water-bath  below  the  boiling  tem- 
perature ;  then  add  about  5  Gm.  of  very  clean,  fine  quartz  sand,  and 
evaporate  to  dryness  on  a  water-bath,  triturating  thoroughly  with  a 
pestle  to  secure  uniform  admixture.  When  dry,  carefully  transfer 
the  contents  of  the  dish  to  a  flask,  add  100  Cc.  of  ether,  cork  well, 
and  shake  thoroughly  for  several  minutes.  Then  add  20  Cc.  of  a 
5  per  cent,  sodium  bicarbonate  solution,  and  shake  vigorously  at  in- 
tervals for  one  hour.     Let  settle  and  decant  50  Cc.  of  the  ethereal 
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solution  into  a  separator,  and  add  10  Cc.  of  distilled  water  and 
sufficient  normal  sulphuric  acid  to  make  the  liquid  acid.  Shake 
well  for  one  minute  and  draw  off  the  aqueous  layer  into  another  se])- 
arator.  Repeat  the  extraction,  using  2  Cc.  each  of  normal  sulphuric 
acid  and  8  Cc.  of  distilled  water,  and  add  the  acid  aqueous  layer  to  the 
contents  of  the  second  separator.  Finally,  repeat  again^  using  1  Cc. 
of  normal  sulphuric  acid  and  9  Cc.  of  distilled  water,  and  draw  this 
off  also  into  the  second  separator.  To  the  combined  acid  liqnids 
in  the  second  separator  add  25  Cc.  of  ether  and  sufficient  5  per 
cent,  sodium  bicarbonate  solution  to  make  the  liquid  alkaline. 
Shake  for  a  few  minutes,  let  separate,  and  transfer  the  ether  into  a 
beaker.  Repeat  with  20  Cc,  and  again  with  15  Cc.  more  of  ether 
added  to  the  aqueous  fluid  in  the  separator,  shake  for  two  minutes, 
let  separate  and  transfer  the  ethereal  liquid  to  the  beaker.  Evano- 
Tate  the  ether  from  the  combined  solutions  in  the  beaker  carefujlv 
•on  a  water-bath,  and  when  dry  dissolve  the  residue  in  2  Cc.  of 

J^^  sulphuric  acid ;  rinse  the  solution  into  a  200  Cc.  flask  with 
istilled  water,  add  enough  distilled  water  to  bring  the  volume  to 
about  90  Cc,  add  25  Cc,  of  ether,  and  having  shaken  the  flask, 
add  5  drops  of  iodeosin  test-solution,  then  titrate  the  excess  of  acid 
with  ^  potassium  hydroxide  solution,  until,  after  shaking,  the 
aqueous  liquid  just  acquires  a  pink  color.  Divide  the  number  of 
Cc.  of  ^  solution  used  by  5,  subtract  the  quotient  from  2  (the  2  C^*. 
of  y^  sulphuric  acid  taken),  and  multiply  the  remainder  by  0.0273, 
and  this  product  by  200 ;  the  result  will  be  the  percentage  of 
ether-soluole  alkaloids  contained  in  the  extract. 

Assay  of  Tincture  of  Physostigma. — Transfer  100  Cc.  of  tinc- 
ture of  physostigma  to  a  porcelain  dish,  evaporate  it  to  diyness  on 
a  water-bath  and  assay  the  resulting  extract  by  the  method  given 
above  for  the  assay  of  extract  of  physostigma,  using  the  same  details 
as  there  directed  for  1  Gm.  of  the  same,  with  the  exception  that  the 
product  must  be  multiplied  by  2  instead  of  200 ;  the  result  will 
represent  the  weight  in  grammes  of  ether-soluble  alkaloids  contained 
in  100  Cc.  of  the  tincture. 

ASSAY  OF  PILOOARPnS  AND  ITS  PBEPABATIOHS. 

As  our  knowledge  of  the  alkaloidal  constituents  of  jabomndi  leaves, 
vnth  the  exception  of  pilocarpine,  is  as  yet  not  entirely  satisiactory, 
the  Pharmacopoeia  very  properly  recognizes  the  valuation  of  the 
drug  on  the  basis  of  total  alkaloidal  content  as  most  desirable,  and 
requires  that  pilocarpus  shall  contain  not  less  than  0.5  per  c»it.  of 
total  alkaloids.  This  percentage  represents  fairly  the  average  o>n- 
tent  of  alkaloids  in  the  leaves  at  the  present  time,  for,  while  much 
inferior  pilocarpus  (running  as  low  as  0.3  or  0.35  per  cent  of  alka- 
loids) is  met  with,  it  has  also  been  possible  to  procure  some  l<»t$ 
containing  as  much  as  1  per  cent,  and  over.     In  the  assay  of  pilocarpits 
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leaves  it  frequently  happens  that  persistent  emulsions  occur,  which 
are  difficult  to  break  up;  the  addition  of  a  little  alcohol  or  the  appli- 
cation of  hot  water  to  the  exterior  of  the  separator  has  been  found 
to  serve  a  good  purpose.  The  Pharmacopoeia  requires  that  pilocarpus 
leaves  shall  contain,  as  already  stated  above,  not  less  than  0.5  per 
<!ent.  of  total  alkaloids,  and  the  fluidextract  of  pilocarpus  0.4  Gm. 
of  the  same  in  100  Cc. 

Assay  of  Pilocarpus. — Moisten  10  Gm.  of  pilocarpus,  in  No.  60 
powder,  with  2  Cc.  of  ammonia  water  and  3  Cc.  of  chloroform,  and 
at  once  pack  it  firmly  in  a  small  tubular  percolator,  the  tube  of  which 
has   been   firmly  plugged  with   absorbent  cotton.     Percolate  with 
<;hloroform  containing  about  2  per  cent,  of  ammonia  water  until  the 
powder  has  been  exhausted,  for  which  purpose  about  100  Cc.  will 
usually  suffice.     Pour  the  percolate  into  a  separator,  and  shake  out 
with  15  Cc.  of  normal  sulphuric  acid,  transferring  the  acid  aqueous 
solution  into  another  separator,  and  repeating  the  shaking  out  with 
2  Cc.  more  of  normal  sulphuric  acid,  mixed  with  8  Cc.  of  distilled 
water.     Add  the  acid  solution  to  the  second  separator,  and  repeat 
the  shaking  out  again  with  10  Cc.  of  distilled  water,  adding  the  aque- 
ous liquid  again  to  the  second  separator.     Add  20  Cc.  of  chloroform 
to  the  second  separator,  make  alkaline  with  ammonia  water,  shake 
well,  and  draw  off  the  chloroform  into  a  beaker.   Eepeat  the  shaking 
out  twice  with  15  Cc.  and  10  Cc.  of  chloroform,  and  add  the  chloro- 
form to  the  beaker.     Evaporate  the  chloroform  on  a  water-bath, 
^nd  dissolve  the  residual  alkaloids  in  7  Cc.  of  y^  sulphuric  acid. 
Add  5  drops  of  cochineal  or  iodeosin  test-solution,  and  titrate  the 
-excess  of  acid  with  -^  potassium  hydroxide  solution.     Divide  the 
number  of  cubic  centimeters  of  ^  potassium  hydroxide  solution 
used  by  5,  subtract  this  number  from  7  (the  7  Cc.  of  yV  acid  used), 
multiply  the  remainder  by  0.02,  and  this  product  by  10  (or  multiply 
4it  once  by  0.2),  which  will  give  the  percentage  of  total  alkaloids 
in  the  drug. 

Assay  of  Fluidextract  of  Pilocarpus. — Transfer  10  Cc.  of  fluid- 
extract  of  pilocarpus  to  a  porcelain  dish  containing  a  little  clean  sand, 
and  evaporate  it  to  dryness  by  means  of  a  water-bath.  Mix  the 
4sand  uniformly  with  the  extract  and  transfer  the  mixture  to  an  Erlen- 
meyer  flask  of  about  100  Cc.  capacity,  rinsing  the  dish  with  25  Cc.  of 
ohloroform  and  2.5  Cc.  of  ammonia  water.  Transfer  the  rinsings 
to  the  flask,  cork  it  securely,  and  shake  it  well  at  intervals  during 
one  hour.  Decant  the  liquid,  transfer  to  a  separator,  wash  the  sand 
with  several  portions  of  chloroform,  draw  off  and  filter  the  chloro- 
formic  liquid  into  another  separator.  Then  shake  out  the  chloro- 
fbrni  solution  with  15  Cc.  of  normal  sulphuric  acid,  drawing  off 
the  acid  aqueous  solution  into  another  separator.  Repeat  the  shaking 
out  with  a  mixture  of  5  Cc.  of  normal  sulphuric  acid  and  5  Cc.  of 
<I]stilled  water,  collecting  the  acid  solutions  in  the  second  separator. 
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Again  repeat  the  shaking  out  with  10  Cc.  of  distilled  water,  and  add 
the  aqueous  liquid  to  the  second  separator.  Introduce  into  the 
second  separator  a  small  piece  of  red  litmus-paper,  add  enough 
ammonia  water  to  render  the  liquid  alkaline,  and  extract  the  liquid 
with  20  Cc.  of  chloroform,  drawing  off  the  chloroformic  solution 
into  a  beaker.  Eepeat  the  shaking  out  with  2  portions  of  15  and 
10  Cc.  each  of  chloroform,  and  add  the  chloroformic  solutions  to  the 
beaker.  Evaporate  the  chloroform  by  means  of  a  water-bath,  aod 
dissolve  the  alkaloidal  residue  in  8  Cc.  of  y^  sulphuric  acid.  Add 
5  drops  of  cochineal  or  iodeosin  test-solution,  and  titrate  the  excess 
of  acid  with  -^  potassium  hydroxide  solution.  Divide  the  number 
of  Cc.  of  ^  potassium  hyaroxide  solution  used  by  5,  subtract  the 
quotient  from  8  (the  8  Cc.  of  yp  sulphuric  acid  used),  and  muldplv 
tne  remainder  by  0.02,  and  this  product  by  10  (or  multiply  at 
once  by  0.2),  to  obtain  the  weight  in  grammes  of  alkaloids  contained 
in  100  Cc.  of  the  fluidextract. 


CHAPTER    LXIl. 

NEUTRAL  PRINCIPLES  AND  GLUCOSIDES. 

Besides  organic  acids  and  alkaloids,  plants  furnish  a  number  of 
valuable  principles  which  have  a  neutral  reaction,  and,  for  conveni- 
ence, are  divided  into  bitter  principles  and  glucosides,  the  former 
being  also  known  as  amaroids.  The  distinguishing  feature  of  the 
latter  class  is  that  when  treated  with  diluted  acids  or  ferments  they 
split  up  into  glucose,  and  a  new  body,  differing  from  the  original 
substance  acted  upon,  but  characteristic  of  that  substance.  With 
very  few  exceptions,  glucosides  do  not  contain  nitrogen.  Although 
glucosides  are  an  important  ^roup  of  plant-products,  only  two  are 
officially  recognized  in  the  Pharmacopoeia,  partly  due  to  the  fact 
that  they  do  not  always  constitute  the  active  principle  of  the  plant^ 
and  are  in  many  cases  associated  with  other  bodies.  A  few  glucch« 
sides  appear  to  have  a  dual  character,  for,  while  yielding  glucose  by 
the  treatment  above  mentioned,  some  also  possess  basic  and  others 
acid  properties.  As  stated  in  a  previous  cnapter,  both  glucosides 
and  bitter  principles  are  distinguished  from  alkaloids  by  the  ending 
in  or  inum. 

The  following  official  neutral  principles  are  used  by  physicians 
to  a  greater  or  less  extent :  Aloin,  chrysarobin,  elaterin,  glycyrrhizin^ 
salicin,  santonin,  and  strophanthin ;  of  these,  salicin  and  strophan- 
thin  are  true  glucosides. 


An. — The  name  aloin  is  used,  both  commercially  and  in  the 
Pharmacopoeia,  to  designate  the  neutral,  bitter,  crystalline  principle 
of  aloes,  irrespective  of  the  source,  although  the  Pharmacopoeia  does 
state  that  it  is  chiefly  prepared  from  Curasao  aloes. 

It  is  more  than  probable  that  a  very  large  proportion  of  the  aloin 
sold  in  this  country  is  derived  from  Cura9ao  aloes,  as  this  variety 
is  much  richer  in  aloin  than  either  Barbadoes  or  Socotra  aloes,  ana, 
moreover,  comparatively  little  of  the  latter  variety  reaches  this 
market.  Cape  aloes,  which  was  formerly  supposed  not  to  contain 
any  crystalline  aloin,  has  been  shown  to  contain  the  same,  and  the 
name  capaloin  has  been  given  to  it.  Tschirch  in  1898  succeeded  in 
crystallizing  capaloin  from  alcohol  and  ether  in  the  form  of  colorless 
needles. 

Various  methods  have  been  proposed  for  the  manufacture  of 
aloin,  the  best  known  of  which  is  the  treatment  of  aloes  with  hot 
water  acidulated  with  either  hydrochloric  or  sulphuric  acid ;  after 
the   infusion   has   been   allowed   to   stand  for  a  day  it  is  carefully 
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decanted  from  sediment,  concentrated  at  a  moderate  tcmperatnre, 
and  set  aside,  wben  crystals  or  crystalline  crusts  of  aloin  will  sepa- 
rate. The  aloin  may  then  l>e  purified  by  recrystallization  from  not 
water  or  very  dilute  alcohol.  The  addition  of  a  little  acid  has  been 
found  advantageous  in  avoiding  the  contamination  of  aloin  with  non- 
orystallizable  matter,  which  is  less  soluble  in  acidulated  water  than 
in  plain  water. 

A  more  recent  method  suggested  by  Schaefer  depends  upon  the 
property  of  aloin  of  forming  very  difficultly  soluble  compounds 
with  the  alkaline  earths  in  ammoniacal  solution^  which,  upon  de- 
composition with  an  acid,  yield  aloin.  The  following  method  for 
determining  the  aloin  content  in  aloes  indicates  the  process  of  manu- 
facture for  aloin  on  a  large  scale :  50  Gm.  of  aloes  are  mixed  with 
300  Cc.  of  hot  water,  with  the  addition  of  a  few  drops  of  hydro- 
chloric acid.  On  cooling  the  solution  is  decanted  from  the  sepa- 
rated resin,  mixed  rapidly  with  50  Cc.  of  20  per  cent  anmionia- 
water  and  a  solution  of  15  Gm.  of  calcium  chloride  in  30  Cc.  of 
water.  The  precipitate  is  collected  after  fifteen  minutes,  the  water 
expressed,  ana  the  lime  salt  decomposed  by  triturating  it  in  a  mortar 
with  a  slight  excess  of  hydrochloric  acid.  The  resulting  mixture 
of  aloin  and  calcium  chloride  is  then  dissolved  in  a  small  Quantity 
of  hot  water,  filtered,  the  filter  washed  with  hot  water,  and  tne  aloin 
crystallized  out  at  a  low  temperature  with  the  aid  of  ice.  As  much 
as  30  per  cent,  of  aloin  in  fine,  light-yellow  crystals  has  been  obtained 
from  commercial  aloes  by  this  method. 

The  average  yield  of  aloin  from  the  different  commercial  varieties 
of  aloes  varies  from  4  to  20  per  cent,  and  over. 

Aloin  owes  its  value  as  a  laxative  to  a  substance  kno^7n  as  emodin, 
with  which  it  is  associated  in  aloes  and  into  wliich  it  is  in  all  prob- 
ability converted  by  the  alkaline  intestinal  fluids.  If  aloin  be  ti^eateJ 
with  ether,  any  emodin  present  w^ill  be  extracted,  aloin  being  insol- 
uble in  ether.  The  peculiar  color  reactions,  from  orange  to  deep 
cherry-red,  observed  when  5  per  cent,  ammonia  water  is  shaken 
with  an  ethereal  extract,  obtained  from  a  decoction  of  alo^  by 
agitation  with  ether,  are  due  to  emodin;  pure  aloin,  freed  from 
emodin,  fails  to  show  these  colors.  This  is  Known  as  Bomtrseper's 
reaction  and  is  practically  identical  with  the  official  test  for  the  limit 
of  emodin,  except  that  benzene  is  used  in  the  latter  in  place  of  ether 
for  sohition  of  the  emodin. 

Aloin  of  commerce  is  often  contaminated  with  resinous  and  oiIht 
matter,  which  can  be  detected  by  imperfect  solubility  of  the  samp'  • 
in  cold  water.  As  stated  in  the  Pharmacopoeia  the  aloin  obtaint^i 
from  Curasao  aloes  dissolves  in  nitric  acid  with  a  cherry-red  color, 
which  distinguishes  it  from  capaloin,  nataloin,  and  socaloin.  It  may 
also  be  distinguished  from  the  two  first-named  by  acquiring  a  red 
color  by  Klunge's  test  with  copper  sulphate  and  concentrated  Rela- 
tion of  sodium  chloride;  upon  addition  of  alcohol  the  red  cok>r 
changes  to  violet.    According  to  Tschirch  this  reaction  depends  np>n 
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the  presence  of  a  small  percentage  of  isobarbaloin^  and  the  red  color 
will  be  intensified  if  a  small  quantity  of  hydrocyanic  acid  be  used  in 
place  of  the  sodium  chloride. 

Ohrysarobin. — This  principle,  derived  from  Goa  Powder  by  treats 
ment  with  hot  benzene,  is  frequently  confounded  in  commerce  with 
chrysophanic  acid.  As  thus  obtained  it  is  still  contaminated  with 
some  impurities,  but  corresponds  to  the  requirements  of  the  Phar- 
macopoeia; it  can  be  obtained  pure,  in  the  form  of  small  yellow 
scales,  by  repeated  crystallization  from  acetic  acid,  and  then  has  the 
eomposition  C^Hjfijf  which  corresponds  to  the  official  definition. 
Although  the  Pharmacopoeia  states  that  chrysarobin  is  soluble  in  18 
parts  of  chloroform,  the  commercial  article  very  rarely  responds  to 
this  test.  The  following  tests  of  the  Pharmacopoeia  may  be  used 
to  distinguish  chrysarobin  from  chrysophanic  acid,  the  former  acquir- 
ing a  violet  color  in  both  cases,  while  the  latter  produces  a  yellow- 
colored  liquid :  Mix  0.001  Gm.  of  the  substance  with  2  drops  of 
fuming  nitric  acid  and  add  to  the  red-colored  mixture  a  few  drops 
of  ammonia  water ;  or  shake  the  substance  for  a  few  minutes  with 
lime  water.  By  oxidation  chrysarobin  is  gradually  converted  into 
<:hnfsophanic  cusid,  C15H10O4,  which  latter  substance  forms  deep  red 
solutions  with  the  alkalies. 

Elaterin.  O^^B^Oy — Comnlercial  elaterium  owes  its  medicinal 
virtues  to  a  neutral  principle  called  elaterin,  which  may  be  extracted 
by  treatment  with  chloroform  and  subsequent  addition  of  ether  to 
the  chloroformic  solution,  whereby  crystals  of  elaterin  are  precipi- 
tated, bein?  practically  insoluble  in  ether.  The  crystals  may  be 
further  punfied  by  washing  them  with  a  little  ether  and  recrystal- 
lizing  from  chloroform.  The  yield  of  elaterin  varies  from  25  to  35 
per  cent,  of  the  weight  of  elateriiun,  and  the  two  substances  must 
not  be  confounded  with  each  other.. 


L. — This  substance,  although  for  a  long  time  consid- 
ered to  be  a  neutral  principle  and  also  a  gluooside,  is  now  looked 
upon  as  a  tribasic  acid,  glycyrrhmc  cusid,  having  the  composition 
C^^BE^NOis,  which  exists  in  licorice  root  in  combination  with 
ammonia  as  an  acid  salt.  It  possesses  no  medicinal  properties,  and 
is  valuable  only  on  account  of  its  very  sweet  taste.  It  is  recognized 
in  the  Pharmacopoeia  in  combination  with  ammonia  as  ammoniated 
glycyrrhiziny  and,  in  the  official  process  for  the  preparation  of  this 
compound  the  complete  extraction  of  glycyrrhizin  from  the  drug  is 
aimed  at  by  adding  ammonia  water  to  the  menstruum,  so  that  a 
neutral  ammonium  glycyrrhizate  may  be  formed.  The  addition  of 
sulphuric  acid  to  the  percolate  causes  the  precipitation  of  the  glycyr- 
rhizin, which,  for  the  purpose  of  purification,  is  collected,  redissolved 
in  ammonia  water,  and  again  precipitated,  being  finally  dissolved  in 
sufficient  ammonia  water  and  obtained  in  scales  by  spreading  the 
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solution  on  glass  and  drying.     When  boiled  with  diluted  sulphuric 
acid  pure  glycyrrhizin  splits  up  into  glycyrrhetin,  Ca^H^^NO^,  and 

(>arasaccharic  acid,  CgH^jOg,  which  latter  reduces  Fehlin^s  Solution 
ike  glucose^  and  thus  gave  rise  to  the  former  view  that  glycrrfaizia 
was  a  glucoside. 

Salicin.  Oj JiigO^. — Several  methods  are  in  use  for  the  extraction 
of  this  principle  from  willow  and  other  barks.  The  bark  may  be 
macerated  and  boiled  with  milk  of  lime,  the  decoction^  after  strainings 
being  allowed  to  subside ;  the  clear  liquid  is  concentrated,  treated 
with  animal  charcoal  and  evaporated  to  dryness,  after  which  the 
residue  is  exhausted  with  weak  alcohol,  from  which  the  salicin  will 
crystallize  after  removal  of  the  alcohol  by  distillation.     Another 

Slan  is  to  exhaust  the  bark  with  boiling  water  and  deprive  the 
ecoction  of  coloring  matter  and  tannin  by  digestion  with  litharge 
or  treatment  with  basic  lead  acetate ;  any  free  acid  present  in  & 
liquid  is  neutralized  with  chalk.  The  filtrate,  on  concentration, 
will  yield  crystals  of  salicin,  which  may  be  purified  by  recrystalli- 
zation. 

When  boiled  with  diluted  sulphuric  acid,  salicin  takes  up  water 
and  splits  up  into  glucose  and  saligenin  or  salicyl  alcohol,  thos^ 
C^H,  A  +  H,0  =  CeH,  A  +  CyHaO,. 

A  characteristic  reaction  of  salicin  is  the  production  of  a  bright 
red  color  when  the  substance  is  dissolved  in  concentrated  sulphnrie 
acid,  followed  by  the  separation  of  a  dark  red  powder  upon  aadition 
of  water,  the  solution  becoming  colorless.  The  production  of  the 
fragrant  odor  of  the  oil  of  meadow  sweet  when  salicin  is  heated  with 
diluted  sulphuric  acid  and  potassium  dichromate  also  serves  to  dL^ 
tinguish  this  substance  from  others ;  the  odor  is  due  to  the  formation 
of  salicyl  aldehyde. 

Santonin.  Oj^Hi.O,. — Chemically  santonin  is  the  anhydride  of 
a  weak  acid,  although  generally  looked  upon  as  a  neutral  substance. 
It  is  obtained  by  mixmg  ground  wormseed  with  slaked  lime  and 
exhausting  the  mixture  with  hot  water ;  the  resulting  soluticm  of 
calcium  santoninate  is  concentrated  and  decomposed  with  hydro- 
chloric acid.  The  crude  santonin  is  treated  with  diluted  ammonia 
water,  dissolved  in  alcohol,  and  the  solution  decolorized  with  bone- 
black,  after  which  it  is  alloWed  to  crystallize. 

Santonin  possesses  the  property  of  turning  yellow  when  expo^ 
to  the  light,  and  then  forms  a  yellow  solution  with  alcohol,  from 
which,  however,  it  again  crystallizes  colorless. 

The  following  may  be  mentioned  as  characteristic  reactions  of 
santonin  :  a  red  color  is  produced  when  0.5  Gm.  of  santonin  is  beat^^l 
with  5  Cc.  of  an  alconolic  solution  of  potassium  hydroxide ;  if 
0.010  Gm.  of  santonin  be  added  to  a  mixture  of  1  Cc.  each  of  s^ii- 
phuric  acid  and  water  a  colorless  solution  is  obtained,  which,  when 
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heated,  assumes  a  violet  color  upon  addition  of  one  drop  of  ferric 
-chloride  solution. 

Strophanthin. — ^The  Pharmacopoeia  defines  the  official  strophan- 
thin  to  be  a  glucoside  or  mixture  of  glucosides  obtained  from  stro- 
phanthus.  Since  strophanthus  Komb6  is  the  variety  officially 
recognized,  the  glucoside  must  be  assumed  as  obtained  from  it. 
Considerable  confusion  and  uncertainty  exist  regarding  the  charac- 
ter of  the  strophanthin  obtained  from  different  species  of  strophan- 
thus, and  the  various  data  published  by  different  authors  must  be 
accepted  tentatively,  at  least  for  the  present. 

Strophanthin  may  be  extracted  from  finely  powdered  seed  which 
has  been  previously  deprive<l  of  fat  by  treatment  with  ether  or 
petroleum  benzin,  with  70  per  cent,  alcohol.  The  tincture  thus 
obtained  is  distilled  to  free  it  from  alcohol,  and  the  residue  dissolved 
in  water  and  filtered.  After  addition  of  tannic  acid  to  the  filtrate, 
the  resulting  precipitate  is  washed,  mixed  with  lead  oxide,  dried 
and  extracted  with  alcohol.  The  addition  of  ether  to  the  alcoholic 
solution  causes  the  precipitation  of  strophanthin. 

The  glucosidal  character  of  strophanthin  is  shown  by  heating  it 
with  diluted  hydrochloric  acid,  when  strophanthidin  is  formed,  and 
a  sugar  which  reduces  Fehling^s  Solution.  Strophanthin  is  ex- 
tremely toxic  and  is  soluble  in  water  and  in  alcohol.  By  heating 
strophanthin  with  dilute  mineral  acids,  various  shades  of  green  color, 
changing  to  violet  or  blue,  are  produced,  and  are  more  or  less  char- 
acteristic. 

Careful  review  by  H.  Thoms  (1904),  of  the  work  previously  done 
by  others  on  the  constituents  of  strophanthus,  has  shown  that  stroph- 
anthin obtained  from  the  Komb^  variety  of  seed  contains  small 
f proportions  of  nitrogen,  which  were  traced  to  the  presence  of  cho- 
ine  and  trigonelline,  the  latter  alkaloids  having  been  also  found  in 
the  8eed  of  the  same  variety.  Strophanthin  from  the  seed  of  stroph- 
anthus hispidus  is  free  from  nitroeen,  but  not  capable  of  crystal- 
lization. The  same  author  succeeded  in  obtaining  3.6  per  cent,  of 
crystalline  strophanthin,  also  free  from  nitrogen,  irom  the  seed  of 
strophanthus  gratus,  which  after  recrystallization  was  found  to  have 
the  composition  indicated  by  the  formula  C3QH4gO,2  +  9  HjO.  In  view 
of  the  preceding  statements  it  would  seem  desirable  to  indicate  the 
diflTerent  varieties  of  strophanthin  according  to  their  source,  and 
to  recognize  officially  the  glucoside  from  strophanthus  gratus,  which 
has  been  found  to  possess  a  high  therapeutic  value. 

Closely  allied  to  the  glucosides  and  neutral  principles  is  a  class 
of  plant  products,  not  used  medicinally  in  a  separate  state,  but  com- 
prising the  active  constituents  of  a  number  of  drugs,  and  known 
by  the  general  group  name 

Saponins. — The  first  use  of  the  name  saponin  occurred  in  con- 
nection with  the  saponaceous  constituent  of  the  root  of  saponaria 
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rubra,  discovered  in  1808  by  Schrader.  While  formerly  the  view- 
prevailed  tliat  the  peculiar  substance  called  saponin,  as  found  in 
different  plants,  is  identical,  careful  investigation  of  the  subject  by 
R.  Robert  and  his  associates  and  pupils  has  demonstrated  the  fact 
that  the  name  saponin  should  be  applied  to  a  group  of  plant  constit- 
uents having  certain  chemical  and  physical  properties  in  common, 
yet  differing  in  constitution,  physiological  effect,  etc.  ^ 

Although  saponins  are  met  with  in  several  hundred  plants,  both 
monocotyledons  and  dicotyledons,  distributed  among  46  or  mere 
families,  practically  nothing  is  known  regarding  the  important  part 
they  may  play  in  plant  physiology.  They  occur  in  all  parts  of 
plants ;  thus  in  the  root  of  sarsaparilla,  saponaria,  senega,  and  helo- 
nias  (chamselirium),  the  bulb  of  cyclamen,  the  bark  of  quillaja  and 
guaiacum,  the  fruit  of  sapindus,  the  seed  of  sesculus,  entada,  and 
agrostemma,  the  stem  of  dulcamara,  and  the  leaves  of  digitalis  and 
guaiacum.  Kobert  inclines  to  the  view  that  the  saponins  are  formed 
in  the  leaves  and  deposited  later  in  other  parts  of  the  plant.    . 

One  of  the  chief  charact^^ristics  of  the  saponins,  to  which  they 
owe  their  group  name,  is  the  property  of  forming  aqueous  solutions 
which  foam  strongly  upon  agitation,  like  solutions  of  soap,  even 
when  very  dilute  (1  in  10,000).  The  bubbles  of  froth,  which  in  some 
cases  are  quite  persistent,  are  destroyed  if  alcohol  or  ether  be  allowed 
to  drop  upon  them.  Another  common  property  is  the  ability  to  hold 
fatty  and  resinous  substances,  when  in  a  finely  divided  state,  in  per- 
fect suspension  in  aqueous  mixtures,  thus  producing  emulsions  of 
great  stability.  Finely  divided  vegetable  substances  are  also  kept 
in  suspension  in  watery  fluids  by  the  presence  of  saponins.  With 
few  exceptions  the  saponins  are  readily  soluble  in  water  (all  are  sol- 
uble if  tne  water  be  made  slightly  alkaline),  and  also  in  dilated 
alcohol,  preferably  if  warmed.  Some  are  soluble  in  cold  absolute 
alcohol,  but  thus  far  none  has  been  found  soluble  in  ether,  benzene^ 
or  carbon  disulphide.  A  few  dissolve  with  difficulty  in  chloroform. 
Many,  but  not  all,  saponins  are  precipitated  from  their  solutions  by 
addition  of  a  saturated  solution  of  ammonium  sulphate,  and  this 
fact  has  been  utilized  as  a  means  of  separation.  In  some  instances 
precipitation  occurs  in  the  cold,  immediately  or  after  the  lapse  of  some 
time,  while  in  others  the  application  of  heat  is  necessary,  especially 
in  weaker  solutions.  By  this  metho<l  it  has  been  possible  to  separate 
polygalic  acid  from  senegin  in  a  decoction  of  senega,  quillajic  acid 
from  quillajasapotoxin  in  a  decoction  of  soap  bark,  and  sap>- 
rubric  acid  from  saporubrin.  The  sapotoxin  present  in  T^evant 
soapwort,  ^ponaria  alba  which  is  precipitated  by  ammonium  sal- 
phate,  has  thus  been  shown  not  to  be  identical  with  the  sapotoxin 
in  quillaja. 

'  Due  acknowledgment  is  hereby  made  of  the  recent  very  interesting  and  Talnabk^ 
publication  by  Professor  R.  Kobert,  of  Rastock,  Germany,  entitled  "  Beitrafce  »• 
Kenntnisa  der  Saponin  Substanzen"  (Contributions  to  our  Knowledge  of  lh« 
Saponins),  from  which  this  brief  abstract  has  been  made. 
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All  saponins  have  glucosidal  properties,  and  are  hydrolyzed  when 
their  solutions  are  heated  with  dilute  mineral  acids^  being  split  up 
into  dextrose  and  a  non-toxic  body,  soluble  in  cold  water,  called 
supogenin.  The  latter  body,  which  is  not  identical  for  all  saponins, 
has  acid  properties  and  forms  water-soluble  crystallizable  salts  with 
the  alkalies.  Some  saponins  are  precipitated  by  neutral  lead  acetate 
others  by  basic  lead  acetate,  and  still  others  are  affected  by  both  re- 
agents. Those  precipitated  by  neutral  lead  acetate  show  an  acid 
character  toward  litmus  and  Congo-red,  and  are  designated  as  acids ; 
thus,  melanthinic  acid,  polygalic  acid,  quillajic  acid,  etc.  The  other 
saponins  are  neutral,  some  being  known  as  sapotoxins,  while  others 
have  been  given  specific  names,  such  as  assamin,  chamselirin^  sene- 
gin,  etc.  One  drug,  at  least,  is  known  to  contain  3  neutral  saponins 
— namely,  snrsaparilla,  the  same  being  named  parillin^  sarsasaponin, 
and  smilasaponin. 

As  a  rule,  saponins  are  amorphous  bodies,  but  parillin  and  sarsa- 
saponin  are  crystalline.  They  are  characterized  by  a  bitterish,  acrid 
taste,  sometimes  accompanied  by  a  burning  sensation,  and  in  fine 
powder  are  intensely  irritating  and  sternutatory.  With  few  excep- 
tions saponins  are  decidedly  toxic  and  have  a  solvent  effect  on  red 
blood-corpuscles.  This  poisonous  property  prevents  their  use  in  phar- 
macy in  many  cases,  where  their  property  of  permanently  suspending 
oils  and  resinous  matter  would  otherwise  make  it  very  desirable.  The 
saponin  obtained  from  the  root  of  helouias  dioica,  and  known  as 
chamselirin,  is  said  to  have  been  used  at  times  for  cod-liver  oil  emul* 
sions  because  less  toxic  than  the  saponins  of  quillaja  bark ;  but  inas- 
much as  the  saponins  present  in  guaiacum  bark  and  leaves  have  been 
found  almost  entirey  devoid  of  toxic  properties,  these  would  naturally 
seem  preferable  to  all  others  for  emulsifying  purposes. 

The  following  color  reactions  observed  by  Kobert  are  worthy  of 
special  note :  A  characteristic  red  coloration  occurs  with  many  sapo- 
nins if  they  are  mixed  with  concentrated  sulphuric  acid  and  exposed 
to  the  air  for  some  time,  or  carefully  warmed.     With  an  alcoholic 
solution  of  sulphuric  acid,  to  which  a  drop  of  dilute  solution  of  ferric 
chloride  has  been  added,  a  greenish-blue  coloration  is  produced,  which 
reaction  is  useful  for  detection  of  saponins  in  microscopic  sections  of 
vegetable  drugs.     A  solution  of  selenous  acid  in  concentrated  sul- 
phuric acid  (Mecke's  reagent)  produces  a  cherry-red  color  with  the 
acid  saponin  of  cereus  grandiflorus  and  other  saponins,  while  a  beauti- 
fiil  violet  color  is  produced  with  guaiac-saponic  acid.     A  very  deli- 
cate reaction,  resulting  in  an  intense  red  color,  is  produced  by  adding 
to  fioap-bark  saponins  some  Millon's  reagent  as  modified  by  Nasse 
(a  solution  of  mercuric  acetate  to  which  a  drop  of  potassium  nitrite 
solution   has  been  added  just  before  using),  and  warming.     Kobert 
states  that  this  last  reaction  is  useful  for  detection  of  quillaja  prepara- 
tions in  oil  emulsions. 

Two  general  formulas  have  been  proposed  to  represent  the  com- 
position of  the  saponins,  C^Hj^.i^Oig  by  Fliickiger,  and  C„H2«.80,o  by 


792  PHARMACEUTICAL  CHEMISTRY. 

Kobert,  to  one  of  which  nearly  all  known  saponins  may  be  referred. 
To  the  first  group  belong  quillajic  acid,  C^^Jd^^y  chanuelinD, 
CggH^Oig,  parillin  (Fluckiger),  C^H^Oig,  digitonin,  CajH^O,^  sarsa- 
saponin^  G^^O^y  and  others^  while  quilTajasapotoxin,  Ci^H^On, 
melanthinic  acid,  C^^Hj^Ojo^  senegin,  CigH^gGio,  smilasaponin,C^H,iO,^ 
polygalic  acid^  Ci^H^qOiq^  and  the  acid  and  neutral  saponins  of  guai- 
acum  bark^  CjJ^Jdy^  and  CJ^^^^y  are  members  of  the  second  group. 

Inasmuch  as  the  saponins  are  capable  of  forming  insoluble  lead 
compounds,  Kobert  recommends  the  following  method  for  thdr  ex- 
traction :  To  the  concentrated  decoction  or  tincture  of  the  drug,  solu- 
tion of  lead  acetate  is  added ;  the  resulting  precipitate,  after  filtra- 
tion, is  mixed  with  some  alcohol,  treated  with  hydrogen  sulphide, 
and  again  filtered.  The  residue  is  boiled  with  several  portions  of 
alcohol,  the  solutions  added  to  the  filtrate,  and  the  whole  evaporated 
to  a  syrupy  consistence.  Upon  addition  of  ether  to  the  cooled  liquid, 
the  saponins  are  precipitated.  In  order  to  recover  any  saponin  not 
precipitable  by  lead  acetate,  solution  of  basic  lead  acetate  should  be 
added  to  the  original  filtrate,  and  the  process  then  continued  exactly 
as  directed  for  the  treatment  of  the  precipitate  obtained  with  neutral 
lead  acetate. 

The  process  of  salting-out  by  means  of  ammonium  sulphate  may 
also  be  employed  for  precipitation  and  separation  of  saponins  in  plaoe 
of  the  lead-acetate  method  mentioned  above. 


CHAPTER  LXIIL 

ANIMAL  PKODUCTS  USED  IN  PHARMACY. 

Besides  the  well-known  animal  ferments^  piincreatin  and  pepsin, 
long  since  introduced  into  medicine  as  valuable  digestive  aids,  the 
Pharmacopoeia  of  1900  gives  official  recognition  to  an  antitoxic  serum 
of  great  value,  and  two  very  important  glands  of  the  animal  body. 
As  the  pharmacist  is  occasionally  called  upon  to  handle  these  new 
products,  it  is  deemed  proper  to  give  them  more  than  a  passing 
notice. 

Antidiphtheric  Senun. — The  Pharmacopoeia  defines  this  prepa- 
ration to  be  a  fluid  separated  from  the  coagulated  blood  of  a  horse, 
immunized  through  the  inoculation  of  diphtheric  toxin,  and  directs 
that  it  should  be  kept  in  sealed  glass  containers,  in  a  dark  place,  at  a 
temperature  between  4.5^  and  15°  C.  {W  and  59°  F.). 

Although  large  quantities  of  antidiphtheric  serum  are  now  manu- 
factured in  this  country,  foreign  products,  both  in  the  dry  and  liquid 
form,  are  also  imported  in  considerable  amount. 

The  preparation  of  antidiphtheric  serum  can  only  be  conducted  at 
large  establishments,  especially  designed  for  that  purpose,  and  in- 
volves three  distinct  steps — namely,  tlie  preparation  of  the  toxin  or 
diphtheric  poison  to  be  injected  into  the  horse,  the  immunization  of 
the  animal,  and  the  preparation  of  the  antitoxin  or  serum  officially 
recognized.  A  full  and  interesting  account  of  the  process  may  be 
found  in  the  Nationcd  Standard  Dispensatory,  pages  198-203. 

Antidiphtheric  serum  is  a  yellowish  or  yellowish-brown,  trans- 
parent or  slightly  turbid  liquid,  which  is  either  odorless  or  has  a 
slight  odor,  due  to  the  addition  of  some  antiseptic  or  preservative. 
It  gradually  loses  its  power,  the  loss  varyingbetween  10 and  30 percent, 
in  one  year.  The  Pharmacopoeia  requires  that  each  container  should  be 
furnished  with  a  statement,  giving  the  strength  of  the  serum,  ex- 
pressed in  antitoxic  or  immunity  units,  the  name  and  percentage  by 
volume  of  the  antiseptic  used  for  preservation  of  the  liquid,  the  date 
when  the  serum  was  last  tested,  and  the  date  beyond  which  it  will 
not  have  the  strength  indicated  on  the  statement.  The  standard  of 
strength,  expressed  in  units  of  antitoxic  power,  should  be  that 
approved  or  established  by  the  United  States  Public  Health  and 
Marine  Hospital  Service  at  Washington,  D.  C. 

An  antitoxic  or  immunity  unit  may  be  defined  as  the  amount  of 
antitoxin  which  will  neutralize  100  times  the  minimum  fatal  dose  of 
a  test  toxin  when  the  two  are  mixed  together  and  immediately  in- 
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jected  subcutaneously  into  a  standard-test  guinea-pig  of  260  Gm. 
body-weight. 

The  autidiphtheric  serum  furnished  by  large  manufiausturers  is  pat 
up  in  glass-stoppered  vials  or  sealed  glass  bulbs  and  represents  van- 
ing  degrees  of  potency,  as  indicated  on  the  label,  thus  1  Cc  may 
contain  200,  600,  1000,  1500,  2000  or  even  3000  immunity  unite. ' 

While,  formerly,  it  was  necessary  for  American  manufacturers  of 
autidiphtheric  serum  to  send  their  producUs  to  Germany  for  stand- 
ardization, this  work  is  now  done  by  the  Public  Health  and  Marine 
Hospital  Service,  at  its  laboratory  in  Washington.  Under  an  act  of 
Congress,  approved  July  1,  1902,  and  the  regulations  framed  there- 
under, the  Director  of  the  Hygienic  Laboratory  is  required  to  ex- 
amine all  antitoxins  for  purity  and  potency.  From  time  to  time 
purchases  of  autidiphtheric  serum  are  made  in  the  open  market  bv 
government  officials,  and  these  are  carefully  examined.  If  found 
not  to  conform  to  the  prescribed  requirements,  the  manufacturer  is 
notified  and  steps  are  taken  to  insure  the  withdrawal  of  that  partic- 
ular lot  from  »ale.  Not  only  is  the  serum  tested  for  its  potencr, 
but  great  care  is  taken  to  determine  its  freedom  from  contamination 
by  foreign  bacteria,  and  finally  to  insure  the  absence  of  chemical 
poisons,  especially  tetanus  toxin.  The  law  requires  all  antitoxin 
serum  to  be  plainly  marked  with  the  name  of  the  article,  and  the 
address,  and  license  number  of  the  manufiicturer. 

Desiccated  Suprarenal  Olands. — This  preparation  is  officially 
defined  to  be  the  cleaned,  dried,  and  powdered  suprarenal  glands  of 
the  sheep  or  the  ox,  freed  from  fat. 

The  suprarenal  capsule  is  situated  above  each  kidney,  and  consists 
of  an  external  cortex  of  peculiarly  arranged  cells  derived  from  the 
mesoblast,  and  an  internal  medulla  composed  of .  cells  derived 
originally  from  the  sympathetic  ganglia.  The  cortex  is  apparendy 
without  medicinal  value,  the  important  physiological  properties 
residing  in  the  medulla. 

After  removal  of  the  external  fat  and  connective  tissue  the  glands 
are  dried  as  rapidly  as  possible  in  a  current  of  warm  air  at  a 
moderate  temperature,  and,  when  sufficiently  dnr,  are  reduced  to 
coarse  powder,  and  the  remaining  fat  removed  by  treatment  with 
petroleum  benzin.  It  is  important  that  all  moisture  be  removed,  by 
exposure  in  a  desiccator  if  necessary,  in  order  to  avoid  subsequent 
putrefaction,  after  which  the  residue  may  be  reduced  to  fine  powder, 
and  should  be  preserved  in  closely  stojipered  bottles. 

Desiccated  suprarenal  glands  occur  as  a  light,  yellowish-brown, 
amorphous  powder,  havnng  a  slight,  characteristic  odor,  and  partially 
soluble  in  water ;  1  part  represents  approximately  6  parts  of  fresh 
glands,  free  from  fat.  Upon  incineration  it  should. not  yield  more 
than  7  per  cent,  of  ash.  If  0.5  Gm.  of  desiccated  suprarenal 
glands  be  macerated  with  26  Cc.  of  water  for  fifteen  minutes  and 
filtered,  the  filtrate  should  give  an  emerald-green  color  upon  the 
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addition  of  a  few  drops  of  ferric  chloride  test-solution.     The  green 
color  disappears  quite  rapidly. 

The  active  principle  of  the  suprarenal  glands  has  been  isolated 
and  found  to  be  a  basic  substance,  capable  of  combining  with  acids 
to  form  difficultly  or  non-crystallizable  salts.  It  has  been  named 
adrenalin  and  epinephrin  by  different  investigators,  and  occurs  on 
the  market  as  a  light-grayish  or  brownish-white  microcrystalline 
powder  and  also  in  the  form  of  a  solution  of  its  chloride  of  -^  per 
cent,  strength.  Its  action  is  that  of  a  powerful  vasoconstrictor 
causing  a  marked  rise  of  arterial  blood-pressure,  when  injected 
intravenously. 

Desiccated  Thyroid  Glands.— In  the  official  definition  of  this 
preparation,  the  thyroid  glands  of  sheep,  which  have  been  freed  from 
fat  and  then  cleaned,  dried  and  powdered,  only  are  recognized. 

The  thyroid  gland  is  a  very  vascular  organ,  situated  in  front  of, 
and  on  either  side  of,  the  trachea  or  upper  windpipe.  It  consists  of 
two  lobes  connected  at  their  upper  extremities  by  a  bridge  of  pale- 
colored  tissue.  When  freed  from  all  external  fat  aud  connective 
tissue  the  lobes  are  broadly  almond-shaped,  and  consist  of  a  firm^ 
succulent  mass  of  tissue  with  dark-red  color. 

The  preparation  of  powdered  thyroid  glands  is  practically  the 
same  process  as  mentioned  in  the  preceding  article  for  dried  supra- 
renal glands,  and,  like  these,  the  powder  must  be  preserved  in  well- 
stoppered  bottles  to  avoid  absorption  of  moisture  and  subsequent 
deterioration. 

Desiccated  thyroid  glands  constitute  a  yellowish  amorphous 
powder,  having  a  slight  peculiar  odor,  and  partially  soluble  in 
water.  It  represents  about  five  or  six  times  its  weight  of  the  fresh 
glands,  and  upon  incineration  should  not  yield  more  than  6  per 
cent,  of  ash.  Small  proportions  of  iodine  are  present  in  the  form 
of  organic  compounds,  as  shown  by  the  official  test,  but  iodides^ 
added  fraudulently,  may  be  detected  by  treating  a  cold  extract  of  the 
powder  with  sodium  nitrate,  and,  after  acidulation  with  strong  nitric 
acid;  shaking  with  chloroform. 

Digestive  Ferments. — It  is  well  known  that  the  digestion  of 
food  is  of  a  twofold  character ;  one  takes  place  after  the  food  has 
entered  the  stomach,  and  is  called  gastric  or  peptic  digestion,  the 
other  occurring  after  the  partly  digested  food  leaves  the  stomach, 
is  known  as  pancreatic  or  intestinal  digestion.  During  the  masti- 
cation of  food  it  becomes  mixed  with  the  secretion  of  the  salivary 
glands,  which  contains  a  substance  known  as  ptyaliriy  belonging 
to  the  class  of  unorganized  ferments  usually  termed  enzymes 
by  physiologists,  from  the  Greek  word  enzymoSy  meaning  fermented. 
The  special  action  of  ptyalin  appears  to  be  to  prepare  starchy  food 
for  subsequent  digestion,  as  it  is  capable  of  converting  starch  into 
dextrose ;  in  the  presence  of  hydrochloric  acid  even  as  weak  as  0.4  per 
cent.,  it  is  rendered  inert,  being  most  active  in  slightly  alkaline  liquids. 
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The  action  of  fermente  upon  food  depends  upon  the  character  of 
the  latter^  as  the  different  ferments  have  specific  functions  and  can- 
not be  used  indiscriminately  for  all  kinds  of  food.  Food  partaken 
t)f  hy  animals  is  either  albuminoid  or  amylaceous  in  its  nature,  the 
former  being  converted  into  peptones,  the  latter  into  sugars.  The 
digestive  action  of  ferments  on  albuminoids  is  called  the  proteolytic 
action,  from  the  word  proUclysis,  meaning  the  change  oocurring  in 
proteids  while  being  digested ;  the  digestion  of  amymceous  food,  on 
the  other  hand,  is  known  as  the  amylolytic  action  of  ferments,  from 
-amyhlymsj  meaning  the  conversion  of  starch  into  sugar. 

The  various  products  formed  during  the  digestion  of  food  are 
syntonin,  albumoses,  and  peptones  The  first,  also  known  as  acid 
albumin,  is  probably  produce  by  the  action  of  hydrochloric  acid  (of 
which  gastric  juice  contains  from  0.1  to  0.25  per  cent.^  on  albuminoid 
substances,  and  occurs  soon  after  the  ingestion  of  fooa.  After  peptic 
•digestion  has  set  in  albumoses  are  formed,  which  are  gradually  con- 
verted into  peptones,  the  end-products  of  digestion  and  the  form  in 
which  albuminoid  food  is  assimilated,  peptones  being  readily  dif- 
fusible and  absorbed  by  a  process  of  dialysis.  As  stated  before, 
•digestion  is  not  completed  in  the  stomach ;  Uie  mixture  of  albumoses 
and  peptones,  forming  a  smooth,  pulpy  mass  called  chyme,  passes 
into  the  intestines,  where  the  conversion  into  peptones  and  other 
■diffusible  products  is  completed. 

Pancreatin  and  pepsin  are  the  two  agents  secreted  in  the  bodv  of 
all  animals,  without  which  assimilation  of  food  would  be  impoasibie ; 
l)oth  are  recognized  in  the  Pharmacopoeia  and  are  exceedingly 
interesting  products. 

Pancreatill. — By  this  name  is  recognized  a  mixture  of  enzjrmes 
found  in  the  pancreatic  juice,  t^e  secretion  of  a  gland  known  as  the 
pancreas,  situated  in  the  epigastric  and  hypochondrial  r^ons  be- 
neath the  stomach  and  in  part  next  to  the  duodenum,  with  which  it 
is  connected  by  means  of  a  small  duct.  The  pancreatic  juice  is  a 
dear,  colorless,  somewhat  viscid  liquid  of  an  alkaline  reaction,  with- 
out odor  and  of  an  insipid,  somewhat  saline  taste ;  it  possesses  both 
f>roteolytic  and  amylolytic  activity,  besides  being  capable  of  emulsi- 
yinff  fatty  matter. 

The  Pharmacopoeia  gives  no  directions  for  the  preparation  of 
pancreatin,  and  different  manufacturers  probably  pursue  different 
methods.  The  following  was  suggested  in  the  first  edition  of  the 
National  Formulary :  Fresh  pancreas  of  the  hog,  freed  as  much  as 
possible  from  fat  and  adhering  membranes,  is  reduced  to  a  fine  paste 
by  means  of  a  suitable  mincing-machine ;  it  is  next  mixed  with  half 
its  weight  of  cold  water  and  kneaded  thoroughly  and  frequently 
during  one  hour,  after  which  the  mass  is  transferred  to  a  strainer 
and  forcibly  expressed ;  the  liquid  is  filtered  as  quickly  as  possibie 
through  flannel,  and  to  the  filtrate  is  added  an  equal  volume  of 
alcohol ;  the  precipitate  is  collected,  drained,  and  freed  by  pressure 
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from  as  much  of  the*  adherent  liquid  as  possible ;  it  is  then  spread 
on  shallow  trays,  dried  by  exposure  to  warm  air  at  a  temperature- 
not  exceeding  40°  C.  (104°  F.)  and  reduced  to  powder.  When 
large  quantities  of  pancreas  are  operated  upon  it  is  advisable  to  use 
water  saturated  with  chloroform^  which  will  retard  decompositioa 
for  a  long  time. 

In  some  instances  the  finely  mixed  pancreas  is  macerated  with 
highly  diluted  hydrochloric  acid,  in  place  of  plain  water,  and  the- 
fat  is  often  removed  from  the  powdered  mass  oy  means  of  purified 
benzin. 

Pancreatin  consists  of  a  mixture  of  at  least  4  soluble  unorganized 
ferments,  more  specifically  termed  enzymes,  and  differing  from  one- 
another  in  their  digestive  functions.  They  are  designated  respec- 
tively as  the  proteolytic,  the  araylolytic,  or  diastasie,  the  fat-splittings 
and  the  milk-curdling  ferment.  As  yet  none  of  the  ferments  has. 
been  isolated  in  a  pure  state.  These  enzymes  do  not  exist  as  such 
in  the  cells  of  the  pancreas,  but  are  derived  from  the  zymogens, 
during  the  digestive  process. 

Trypsiriy  the  proteolytic  ferment,  resembles  pepsin  in  its  behavior 
towara  albuminoids,  and  continues  in  the  intestines  the  work  of  that 
ferment  begun  in  the  stomach.  It  differs,  however,  from  pepsin  in 
acting  best  in  a  slightly  alkaline  medium  and  in  splitting  the  prod- 
ucts of  peptic  digestion,  the  albumoses  and  peptones,  into  simpler 
bodies,  better  adapted  for  absorption  as  nutritive  agents.  It  is  par- 
ticularly active  toward  fibrin  and  muscular  tissue,  but  does  not. 
digest  coagulated  egg-albumen  as  rapidly  as  pepsin.  It  also  rapidlv 
digests  the  casein  of  milk,  with  the  intermeaiate  formation  of  meta- 
casein,  coagulable  by  boiling.  The  presence  of  a  small  amount  of 
sodium  or  potassium,  bicarbonate  in  the  milk  prevents  the  coagula- 
tion of  the  metacasein.  As  in  the  case  of  pepsin,  the  action  of 
trypsin  is  confined  to  the  surface  of  the  substance  exposed,  the- 
more  soluble  bodies  passing  into  solution  as  fisist  as  formed. 

While  the  presence  of  about  1  per  cent,  of  sodium  carbonate  or 
bicarbonate,  of  the  digesting  mass,  is  favorable  to  increased  tryptio 
activity,  the  latter  also  occurs  in  neutral  or  even  very  slightly  acid 
media,  showing  that  the  presence  of  alkali  is  not  absolutely  essen- 
tial. The  presence  of  very  small  proportions  of  acid  (about  O.Of^ 
per  cent,  of  hydrochloric  or  0.25  per  cent,  of  acetic  acid)  is  by  no 
means  hurtful  to  the  action  of  trypsiu,  but  an  increase  to  even  as 
little  as  0.1  per  cent,  of  hydrochloric  acid  completely  destroys  the 
ferment,  and  hence  its  activity  ceases  at  once  in  a  medium  having 
the  degree  of  acidity  favorable  to  peptic  action.  Trypsin  is  most 
active  at  a  temperature  between  37°  and  40°  C.  (98.6°  and  104°  F.). 
and  continues  up  to  50°  C.  (122°  F.),  above  which  it  rapidly  di- 
minishes, and  ceases  altogether  at  75°  C.  (167°  F.). 

Amylopsin,  or  pancreatic  diastase,  closely  resembles  ptyalin  and 
grain  diastase,  both  in  properties  and  ])roducts  of  conversion,  but 
its  action  is  much  more  energetic,  rapidly  liquefying  starch  paste 
and  converting  starch  into  dextrin  and  maltose.     Its  greatest  activ- 


798  PHARMACEUTICAL  CHEMISTRY, 

ity  is  manifested  at  a  temperature  between  30°  and  45°  C.  (86°  and 
113°  F.),  and  is  destroyed  at  66°  C.  (149°  F.).  The  action  of 
amylopsin  is  not  increased  by  alkalies  and  is  weakened  by  the  pres- 
ence of  acids. 

Steapsiuj  or  lipase^  has  the  special  function  of  emulsifying  fats 
and  splitting  them  up  into  glycerin  and  free  fatty  acids.  It  is 
rapidly  destroyed  by  strong  alcohol  and  by  all  acids,  except  the 
fatty,  being  the  most  delicate  of  the  pancreatin  enzymes.  Its  action 
on  fats  can  be  readily  demonstrated  by  adding  a  few  drops  of  a 
neutral  solution  of  pancreatin  to  a  neutral  ether^  solution  of  batter, 
when  upon  addition  of  a  little  litmus  solution  the  cliaracteristic 
color-change  will  take  place. 

Retininy  or  the  milk-curdling  ferment,  is  probably  identical  with 
that  found  in  the  stomach. 

The  Pharmacopoeia  describes  pancreatin  as  a  cream-colored,  amor- 
phous powder,  possessing  at  most  only  a  faint  peculiar  odor  and  a 
fiomewliat  meat-like  taste ;  slowly  soluble  in  water,  and  containing 
not  more  than  10  per  cent,  of  matter  insoluble  in  that  solvent ;  in- 
soluble in  alcohol.  It  is  hygroscopic,  and  when  exposed  to  the  air 
for  some  time  loses  its  value ;  hence  it  should  be  pi'eserved  in  well- 
stoppered  bottles.  Dilution  with  sugar  of  milk  seems  to  retard 
deterioration,  and  saccharated  pancreatin  has  been  found  to  retain 
its  peptonizing  value  far  better  than  the  pure  article.  Dissolved  in 
water,  pancreatin  yields  a  clear,  pale-yellowish  liquid,  which  is  pre- 
cipitated by  heat,  mineral  acids,  metallic  salts,  absolute  glycerin, 
strong  alcohol,  and  tannic  acid,  but  not  by  a  saturated  solution  of 
sodium  chloride;  in  this  latter  respect  it  differs  markedly  from 
pepsin.  It  is  not  passible  to  prepare  a  solution  of  pancreatin  which 
will  retain  the  activity  of  all  the  enzymes  present :  this  is  periiaps 
due  to  the  destructive  effect  of  the  trypsin  upon  tbeotlier  ferments, 
Pancreatin  is  incompatible  with  acid  pepsin  solutions,  and  hence 
they  should  not  be  combined.  In  dry  form  the  ferments  of  pan- 
creatin are  very  stable,  but  in  solution,  neutral  or  alkaline,  they 
undergo  change  even  at  ordinary  temperature. 

The  Pharmacopoeia  requires  that  pancreatin  shall  convert  not  less 
than  25  times  its  own  weight  of  starch  into  substances  soluble  in 
water ;  the  standard  of  the  French  Pharmacopoeia  is  over  50  per 
cent,  higher  than  our  own,  and  it  is  probable  that  the  better  varie- 
ties of  commercial  j)ancrGatin  are  capable  of  converting  50  times 
their  weight  of  starch,  as  shown  by  some  samples  examined.  The 
official  tests  for  the  valuation  of  pancreatin,  as  regards  both  its  starch- 
converting  power  and  its  peptonizing  power,  are  easily  applied. 

Pepsin. — This  ferment  was  discovered  in  1836,  by  Schwann,  after 
Eberle  had  furnished  proof  that  digestion  of  food  in  the  stomach  is 
due  neither  to  the  mechanical  action  of  the  mucous  membranes  nor 
to  the  solvent  action  of  acids,  but  is  dependent  upon  some  unorgan- 
ized ferment  present  in  the  gastric  juice ;  this  ferment  was  deter- 
mined by  Schwann  and  named  pepsin,  from  the  Greek  word  rAtfK 
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(digestion).  Pepsin  is  a  secretory  product  of  certain  glands  embedded 
in  the  tissue  of  the  inner  coating  of  the  stomachy  but  has  also  been 
found  in  muscular  tissue^  urine^  brain^  and  the  mucous  membrane  of 
the  intestines.  True  or  active  pepsin  probably  does  not  exist  at  all 
times  in  the  gastric  juice,  but  is  formed  by  the  action  of  hydrochloric 
acid  and  chlorides  from  a  mother  substance  known  as  pepsinogen, 
as  the  digestive  functions  of  the  stomach  may  require;  in  support 
of  this  theory  it  has  been  found  that  glycerin  will  abstract  increased 
quantities  of  pepsin  from  the  mucous  membrane  of  the  stomach  after 
this  has  been  treated  with  0.2  per  cent,  hydrochloric  acid  or  1.0  per 
cent,  sodium  chloride  solution.  The  use  of  pepsin  in  medicine  is 
mainly  due  to  the  eflPorts  of  Dr.  Corvisart,  court  physician  to  the 
Emperor  Napoleon  III.,  but  the  quality  of  the  commercial  article 
has  been  vastly  improved  since  that  time ;  to  the  perseverance  and 
energy  of  American  pharmacists  are  due  the  improvements  in  the 
mode  of  manufacturing  pepsin  and  the  wonderful  increase  in  diges- 
tive power  of  the  commercial  article. 

In  this  country  two  kinds  of  pepsin  are  manufactured,  known 
respectively  as  precipitated  pepsin  and  soluble  or  scale  pepsin ;  the 
former  is  made  by  the  method  recommended  by  E.  Scheflfer  in  1872, 
which  consists  in  precipitating  an  acid  infusion  (prepared  cold)  of 
clean  mucous  membrane  of  ho^  stomach  by  a  saturated  solution  of 
sodium  chloride,  redissolving  the  precipitate  in  acid  water,  repre- 
cipita^g  with  salt  in  order  to  purify  the  pepsin,  and  finally  drying 
at  or  below  40°  C.  (104°  F.).    A  full  account  of  this  process  may  be 
found  in  the  American  Journal  of  Pharmacy  for  1872.    The  process 
for  the  manufacture  of  the  so-called  scale  or  peptone  pepsins  msures 
an  increased  yield  of  product  and   higher   digestive   power,  but 
not  always  the  same  degree  of  purity ;  it  consists  in  subjecting  the 
well-cleaned  mucous  membranes  of  animal  stomachs,  after  being 
thoroughly  minced  by  machinery,  to  a  process  of  self-digestion  in 
water  acidified  by  hydrochloric  acid  at  a  temperature  of  38°-45°  C, 
(100.4°-113°  F.),  until  the  whole  mass  is  converted  into  a  uniform, 
transparent,  glairy  fluid.     This  is  allowed  to  cool  and  deposit  over 
night,  after  an  addition  of  chloroform  or  sulphurous  acid  solution, 
which  prevents  putrefaction   and  in  no  wise  interferes  with  the 
activity  of  the  pepsin ;  the  liquid  is  carefully  strained,  concentrated 
in  a  vacuum  apparatus  to  a  syrupy  consistence,  and  spread  upon 
plates  of  glass,  where  it  is  allowed  to  scale  in  suitable  dust-free 
rooms.     Pepsin  thus  prepared  always   contains   mucus,  peptones, 
and  syntonin,  while  that  prepared  by  the  Scheffer  method  is  con- 
taminated with  salt  and  some  itiert  albuminous  matter.     In  1891  a 
process  was  patented  in  this  country  and  in  England,  combining  the 
advantages  of  the  two  preceding  processes.     The  essential  features 
are  as  follows :  The  well-cleansed  and  minced  mucous  membranes 
are  brought  to  solution  by  digesting  with  acidulated  water,  the  solu- 
tion being  clarified  after  the  addition  of  sulphurous  acid  ;  the  clear 
liquid  is  separated  from  the  deposit  and  then  precipitated  by  satu- 
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rating,  at  a  higher  temperature,  with  sodium  sulphate,  whereby  the 
pepsin  is  deposited,  while  the  peptone  remains  in  solution.  The 
precipitated  pepsin  is  dissolved  m  weak  hydrochloric  acid  and  sub- 
jected to  dialysis,  which  removes  the  sodium  sulphate  and  remaining 
peptones,  after  which  the  residual  solution  is  concentrated  at  a  low 
temperature  and  dried  on  plates  of  glass.  The  sodium  sulphate  b 
not  lost  in  the  process,  but  reclaimed  from  the  peptone  solution  bj 
recrystallization.  While  the  U.  S.  Pharmacopoeia  recognizes  only 
the  pepsin  obtained  from  the  glandular  layer  of  fresh  hog-^tomachs, 
and  capable  of  digesting  not  less  than  3000  times  its  own  weight  of 
freshly  coagulatea  and  disint^rated  egg-albumen  in  six  hours  at  a 
temperature  of  38°  to  40°  C.  (100.4°  to  104°  F.),  when  tested  by 
the  official  process,  the  British  Pharmacopoeia  admits  pepsin  from 
the  stomachs  of  hogs,  sheep,  and  calves,  provided  one  part  is  capable 
of  dissolving  2500  parts  of  hard-boiled  ^g-albumen  at  a  tempera- 
ture of  40.5  C,  (105°  F.)  in  the  course  of  six  hours. 

French  pepsin  is  chiefly  obtained  from  sheep  stomachs,  and  Bou- 
dault's  preparation  contains  starch  and  sometimes  lactic  acid.  The 
Grerman  Pharmacopoeia  does  not  prescribe  the  source  of  official  pepsin 
nor  the  manner  of  its  prei)aration ;  the  stomachs  of  hc^  and  calves 
are,  however,  usually  employed.  Official  German  pepsin  is  required 
to  dissolve  100  times  its  weight  of  hard-boiled  ^g-albumen  in  one 
hour,  at  a  temperature  of  45°  C.  (113°  F.). 

Pepsin  exposed  on  a  watch-glass  to  the  air,  even  in  damp  weather^ 
should  not  become  sticky  in  the  course  of  a  few  hours,  showing  the 
absence  of  an  undue  amount  of  peptone.  It  should  form,  with  dis- 
tilled water,  an  almost  clear  solution,  which  is  not  rendered  turbid 
by  the  addition  of  acetic  acid,  showing  the  absence  of  mucus.  (Pep- 
sin made  by  Scheffer's  process  never  yields  a  perfectly  clear  solution 
with  water,  owing  to  the  presence  of  syntonin  or  acid  albumin.)  It 
should  be  free  from  any  disagreeable  or  ammoniacal  odor  due  to  the 
presence  of  putrescible  matter.  A  drop  of  tincture  of  iodine  added 
to  a  solution  of  pepsin  should  not  develop  a  blue  or  purplish-red 
color,  showing  the  absence  of  starch  and  dextrin. 

The  greater  the  proportion  of  peptone  present  in  pepsin  the  more 
rapidly  does  it  absorb  moisture  from  the  air,  and  the  greater  the 
absence  of  mucus  the  less  unpleasant  will  be  the  odor  an^  the  more 
perfectly  clear  will  be  the  solution  of  pepsin  in  water,  especially  if 
the  water  be  acidulated  with  acetic  acid.  Except  in  minute  quan- 
tities, sodium  chloride  impairs  the  activity  of  pepsin ;  the  same  is 
true  of  alcohol.  An  aaueous  solution  of  pepsin  will  decompose  in 
a  short  time ;  after  adaition  of  hydrochloric  acid  it  remains  dear, 
but  gradually  loses  its  effect  on  albumen.  Glycerin,  on  the  other 
hand,  preserves  its  virtues.  Tannin  and  the  alkali  carbonates  and 
bicarbonates  inhibit  the  proteolytic  action  of  pepsin.  At  a  tem- 
perature of  63°  C.  (145.4°  F.)  the  activity  of  pepsin  is  destroyed. 

The  mere  solution  of  hard-boiled  ege:-albumen  by  pepsin  in  an 
acid  menstruum  is  by  no  means  an  indication  of  its  true  value,  as 
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this  can  also  be  effected,  under  certain  conditions,  by  hydrochloric 
acid  and  water  alone.  Complete  peptonization  or  conversion  of 
albumen  into  peptone  appears  to  be  a  more  positive  test^  but  since 
the  exact  determmation  of  peptones  in  a  solution  is  only  possible  in 
the  hands  of  the  physiological  chemist,  the  different  pharmacopoeias 
have  adopted  a  simpler  method  of  valuation. 

Saccharated  pepsin,  prepared  by  intimately  mixing  one  part  of 
pepsin  with  nine  parts  of  sugar  of  milk,  is  a  convenient  form  of 
administering  small  doses  of  pepsin  to  children. 
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anisi,  226 

aurantii  florum,  225 
fortior,  227 

camphone,  226 

chloroformi,  225 

cinnamomi,  226 

creosoti,  225 

destillata,227 

foeniculi,  226 

hamamelidis.  227 

hydrogenii  dioxidi,  225,  468 

menthffi  piperita,  226 
viridis,226 

regia,  481 

rosffi.226 

fbrtior,  227 
Aqueous  extracts,  295 
Aquila  alba,  576 
Arabic  acid,  634 
Arabin,  634 
Arabinose,  636 
Arabitol.  635 
Arachidic  acid,  664 
Archibald  suppository  moald,  448 
Arecoline  hydrobromide,  748 
Areometers,  specific  s^ravity,  57 
Areopycnometer,  Eicnhorn's,  65 
Argenti  cyanidum,  592 

nitras,  692 
fusus,  692 
induratus,  605 
mitigatus,  692 

oxidum,  692 
Argol,  488 
Arbtol,  704 

Arnica,  tincture.  267,  269,  270 
Aromadendral,  601 
Aromatic  elixir,  257 

fluidextract,  284,  285 

powder,  406 
Arrangement  and  plan   of  the  U.  S. 

PharmacopoGla,  19 
Arseni  iodidum,  581 

trioxidum,  581 
Arsenic  trioxide,  681,  684 

white,  685 
Arsenous  acid,  solution,  581,  686 

and  mercuric  iodides,  solution,  681, 
686 

anhydride,  684 

iodide,  681.  584 
Artificial  emulsions,  316 
sUbility  of,  315 
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Asafetida  pUls,  363 

tincture.  267,  268, 270 
Asaprol,  62? 
AseUine,  660 
Aspirin,  716 
Afisay  of  aconite,  754 

fluidextract,  754 
tincture,  756 
of  belladonna  leaves,  756 
extract,  758 
plaster,  757 
tincture,  760 
root,  758 

fluidextract,  750 
of  cinchona,  761 
fluidextract,  762 
tincture,  763 
of  coca,  763 
#  fluidextract,  764 

of  colchlcum  corm,  765 
extract,  765 
seed,  765 

fluidextract  706 
tincture,  766 
of  coninm,  767 

fluidextract,  768 
of  guarana,  760 

fluidextract,  760 
of  hydrastis,  770 
fluidextract,  770 
tincture,  771 
of  hyoscyamus,  756 
extract,  750 
fluidextract,  760 
tincture,  760 
of  ipecac,  771 

fluid  extract,  772 
of  nux  vomica,  773 
extract,  774 
fluidextract,  775 
tincture,  776 
of  opium,  777 
extract,  779 
tincture.  780 

deodorized,  780 
of  pilocarpus,  782 

fluidextract,  783 
of  physostigma,  THl 
extract,  781 
tincture,  782 
of  scopola,  758 
extract,  756 
fluidextract,  750 
of  stramonium,  758 
extract,  756 
fluidextract,  750 
tincture,  7C0 
Atropine,  728 

sulphate,  727 
Auri  et  sodii  chloridum,  502 
Auric  chloride,  603 
Automatic  stills,  184 

Ahderson,  184 
Avoirdupois  weight,  25 
Axes,  192 

BAG,  flltcr,  147 
straining,  148 
Balance,  compound  lever,  86 
description  of,  33 
old  style  hand,  34 


Balance,  prescription,  35 

solution,  37 

specific  gravity,  Westphal,  65 

torsion,  38 
Balsam  copaiba,  201 

of  fir,  201 

Friar's,  271 

Jesuit's,  271 

Persian,  271 

Saint  Victor's,  271 

Swedish,  271 

Turlin^^n's,  271 

Vervain,  271 

Wade's,  271 
Balsams,  definition,  202 
Barfoed's  solution,  637 
Barma.468 

Bakrthel's  alcohol  lamp,  80 
Basham's  mixture,  22,  231,568 
Basilioon  ointment,  22, 422 
Basin,  pricking,  218 
Bassorm,  634 
Baths,  ^cerin,  88 

paraffin,  88 

saline,  88 

sand,  87,  88 

water,  ^ 
Beads,  specific  flnravity,  Lovi's,  56 
Beck's  percolating  stand,  143 

pharmaceutical  still,  180 
Beechwood  creosote,  616 

tar,  616 
Beeswax,  207,  673 
.Beindorf  condenser,  178 
Belladonna,  assayof,  765,  756 

extract,  296,  299 
assay,  758 

fluidextract;  284, 286,  287 
assay,  759 

ointment,  418 

plaster,  435 
assay,  757 

tincture,  265,  268,  270 
assay,  760 
Benzaldehyde,  686,  609 
Benzene,  606,  619 
Benzin,  oetroleum,  679 

purified.  679 
Benzoic  acid,  681,  687, 706 

aldehyde,  686 
Benzoin,  gum,  201 

tincture,  262,  269 

compound,  267, 269, 271 
Benzoinated  lard,  206 
Benzol,  619 
Benzonaphthol,e27 
Benzopyrine,  627 
Benzoresinol,  707 
Benzosol,  618 
Benzosulphinide,  627 
Benzoyl  eugenol,600 

glycocoll,  700 
Benzoylsulphonimide,  628 
Benzyl  chloride,  609 
Benzylene  dichloride,  600 
Benzylmorphine  hydrochlorids,  73T 
Berberine,748 

Berberis.  fluidextract,  284, 285 
Betanapnthol,  627 
Betol,  eXJ 
Betula,  oil  of,  686 
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Bibron's  antidote  for  rattlesnake  poi- 
son, 468 
Birch  tar,  686 
Bismuth  and  ammonium  citrate,  681,588 

citrate,  581,  688 

oxide,  591 

subcarbonate,  581,  580 

subgallate,  681,  590 

subiodide,  591 

subnitrate,  581, 590 

subsalicylate,  581, 590 
Bismuthi  citras,  581 

subcarbonas,  581 

subgallas,  581 

subnitras,  581 

subsalicylas,  681 
Bismuthyl  carbonate,  689 

gallate,  590 

iodide,  591 

nitrate,  590 

salicylate,  590 
Bitter  almond,  essence  of,  260 
oil  of,  686 
water,  225 

orange  peel,  fluidextract,  284,  285 
tincture,  266,  269,  270 

wine  of  iron,  279 
Black  draught,  22, 237 

pitch,  616 
Blackberry  root,  fluideztract,  290 

sjrup  of,  250 
Blackman's  suppository  mould,  441 
Blancard's  pills,  d66 
Bland's  pills,  22.  865 
Blistering  collodion,  813 
Bloodroot,  tincture,  274 
Blower,  foot,  81 
Blue  mass,  369 

methylene,  628 

ointment,  419 

Persian,  547 

piU,  869 

Turnbuir8,547 

vitriol,  592 
Board,  lozenge,  Harrison's,  374 

Procter's,  873 
Boettger's  test,  636 
Boeordus  eccentric  mill,  109 
Bouer,  Patch's,  steam,  87 
Boiling  point,  aefinition,  91 

determination,  91 
Book,  prescription,  469 
Boric  acid  ointment,  418 
Borneo!,  681,  097,  700 
Bornyl  acetate,  697 
Bomtrseger's  reaction,  78^ 
BoroglyceriUj  glycerite  of,  254 
Boroglyoerini,  giyceritum,  254 
Botanical  drugs,  loss  of  weight  by  dry- 
ing, 101 
Bougies,  alum,  438 

nasal,  437 

tannin,  438 

urethral,  437 

Wellcome-shape,  437 
Box,  suppository,  447    . 
Brandy,  261,  262 
British  gum,  632 
Brogniart's  pyrometer,  96 
Bromal.  655 
Bromalin,  657 
Bromalium,  657 


Bromethylformin,  657 
Bromine,  467 

manufacture  of,  467 

water,  467 
Bromoform^  660 
Bromoformm,  657 
Bromol,  655 

Brown  mixture,  338,  339 
Buchu,  fluidextract.  284,  285 
BuhrHstone  mill,  108 
Bumping,  phenomenon  of,  180 
Bunsen  burner,  adjustable,  83 
Bunsen-Kemp  thermostat,  85 
Burner,  acme  safety,  82 

Bunsen,  a^ustable,  83 

double  minim,  84 

Finkner,  83 

Fletcher,  low  temperature,  81 

radial,  Fletcher,  84 

safety  84 
Burnett's  'disinfecting  fluid,  602 
Butter,  cacao,  209,  672 
Butylamine,  669 
Butyl-chloral  hydrate,  655 
Butyric  acid,  664 

pACAO  butter,  209,  672 

y^    Cadaveric  alkaloids,  721 

Cade,  oil  of,  687 

Cadinene,  680,  690,  700 

CaffeinsB  citrata  effervescens,  409 

Caffeine,  727 

citrated,  728 

effervescent,  409, 410 
Caiuput,  oil  of,  687 
Calabar  bean,  extract,  305 
Calabarine,  739 
Calamine,  598 

Calamus,  fluidextract,  284,  285 
Calcii  bromidum,  530 

carbonas  prsBcipitatus,  530 

chloridum,  530 

hvpophosphis,  530 

pnosphas  prsBcipitatus,  530 

sulphas  exNCcatus,  530 

sulphidum  venale,  535 
Calcination,  173 
Calcined  magnesia,  539 
Calcium  bromide,  530 

carbonate,  precipitated,  530 

chloride,  530,  531 

fflycerophosphate,  636 

hydroxide,  SS3 

hypophosphite,  680,  532 

lactophosphate,  syrup,  242, 247,  530 

naphtholsulphonate,  &2^ 

oxide,  533 

phosphate,  precipitated,  530,  532 

sulphate,  dried,  630, 533 
exsiccated,  533 
native,  533 

sulphide,  commercial,  535 
Calendula^  tincture,  265, 269 
Calisaya  bark,  fluidextract,  288 
Calomel,  22,575 
Calumba,  fluidextract,  284,  285 

tincture,  265,  269 
Calx,  530 

chlorinata,  630 

sulphurata,  630 
Camphene,  680 
Camphor,  697,  700 
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Camphor,  cerate,  422 

cubeb,  600 

dibromidei  703 

monobromated,  703 

oU,  696,  700 

powdered,  116 

83'ntheUc.  701 

water^  226 
Camphoric  acid,  709 
Camphoronic  acid,  709 
Cane  sugar,  638 

solubility  of,  in  mixtures  of  aJcohol 
and  water,  239 
Cantharidal  collodion,  313,  314 
Cantharides  cerate,  422 

tincture,  266,  268 
Capric  acid,  664 
Capronic  acid,  664 
Capr^lic  acid,  664 
Capsicum,  fluidextract,  284, 285 

oleoresin,  300 

plaster,  435 

tincture,  265,  268 
Capsule  filler,  Ihrig's,  400 
Capsules,  empW,  ^ 
Caraway,  oil  o^  688 
Carbolic  acid,  22,  620 
antidote,  623 
glycerite  of,  266 
poisoning,  fi23 
Carbon,  473 

disulphide,  473 
Cardamom,  tincture,  265,  209 

compound,  267,  268 
Carragheen,  634 
Carron  oil,  425 
Carvacrol.  681,  698 
Carvene,  680 
Carvol,  688 
Carvone,  681,  688,  608 
Carvoxime,  688 
Caryophyllene,  680,  689,  690 
Cascara  sagrada,  extract,  298,  299,  305 
fluidextract,  284,  285 
aromatic,  285,  290 
Casein  ointment,  414 
Cassia,  oil  of,  689 
Castile  soap,  white,  675 
Castor  oil,  208,  667,  668 
Cataplasm  of  kaolin,  423 
Cataplasma  kaolini,  423 
Catechol,  methyl,  617 
Caustic,  lunar,  605 

toughened,  605 
Cedarwood  oil,  697 
Cedrene,  680 
Cellulose,  607 

nitrates,  609 
Centign^ade  thermometer,  97 
Centrifugal  separator,  164 
Cera  alba,  207 

flava,  207 
Cerate,  422 

camphor,  422 

cantnariaes,  422 

Goulard's,  422 

lead  subacetate,  422 

rosin,  422 

compound,  422 

Turner's,  608 
Cerates,  412,  421 
Ceratum,  422 


Ceratum,  camphorie,  422 

cantharidis,  422 

plumbi  subacetatis,  422 

resins,  422 

compositum,  422 
Ceresin,  679 
Cerium  nitrate,  546 

oxalate,  543,  545 
Cerotic  acid,  664 
Ceryl  alcohol,  664 

palmitate,  673 
Cetaceum.  207 
Cetyl  alcohol,  664 

palmitate,  672 
Ceyadilllne,  748 
Cevadine,  748 
Chalk,  compound  powder,  406 

mixtiure,  838 

X>owder,  compound,  530 

precipitated,  530 

prepared,  531 
Chalybeate  pills,  22,  364 
Chamffilirin,  792 
Chapman's  filter  pump,  156 
Charcoal,  animal,  473 

purified,  473 
Chaser  mill,  110 
Chavicol,  681 

Checking  of  prescriptions,  460 
Chelen,  660 

Chemical  incompatibility ,  329 
ChemistiT.  pharmaceutical,  461 
Chenopoaium,  oil  of,  689 
Chloral-ammonia,  654 

anhydrous.  663 

hydrated,  653 

urethane,  655 
Chloralamide,  654 
Chloralformamide,  654 
Chloralum  formamidatum,  654 
Chlorinated  lime,  530,  532 

potassa,  solution,  516 

soda,  solution,  232,  GOlj  515 
Chlorine,  compound  solution  of,  2S1,'466 

water,  466 
Chloroauric  acid,  603 
Chloroform,  651 

emulsions,  319,  323,  324 

water,  225 
Chocolate  lozenges,  377 
Cholesterin,  664 
Chrome  alum,  543 
Chromic  acid,  571, 572 

anhydride,  571 
Chromium  trioxide,  571 
Chrysarobin,  787 
Chrysophanic  acid,  787 
Cimiciinga,  extract,  297, 298, 300 

fluidextract,  284, 285 

tincture,  265,  269 
Cinchona,  assay,  761 

fluidextract,  284,  285, 288 
assay,  7^ 

tincture,  265,  268,271 
assay,  763 

compound,  265, 26S,  271 
Cinchonidine  salicylate,  72S 

sulphate,  728 
Cinchonine  sulphate,  728 
Cineol,  687,  091,  096,  700 
Cinnamic  acid,  689 

aldehyde,  689,  701 
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Cinnamon,  oil  of,  689 

tinctiirejt266,  209 

water,  226 
Oinnamyl  acetate,  689 
Oinnamylcocaine,  729,  780 
Circulatory  displacement,  120 
Citral,  601,  692,  &d4^m 
Citrated  caffeine,  728 

effervescent,  409, 410 
Citrene,  680 
Citric  acid,  710 

syrup  of,  242,  246 
Citrine  ointment,  22 
Citronella,  691,  693,  695,  696 
Clarification,  161 
Clafldiflcation  of  natural  products  used 

in  pharmacy,  201 
Cleavaffe.  193 

Clinioal  tnermometers,  examination,  96 
Clinometric  forms,  193 
Cloves,  oil  of,  689 
Coal  oO  stove,  Whitney's,  80 
Coca,  assay,  763 

fluideztract,  284,  285,  288 
ass^,  764 
Cocaine,  729 

hydrochloride,  730 

unofficial  salts,  730 
Cocamine,  729 
Codeine,  730 

phosphate.  731 

sulphate,  731 
CodUver  oil.  207,  669 
emulsion,  828 
eolation,  146 
Colchicine,  732 

salicylate,  732 
Colchicum  corm,  assay,  765 
extract,  298,  299,  300 
assay,  766 

seed,  assay,  766 

duidextract.  284,  285,  288 

assay,  766 
tincture,  265,  268, 271 

assay,  766 
wine.  279 
Colchisal,  732 
Cold  creani,  415 
Collodion,  313,  314 

blistering,  313 

cantharidal,  313,  314 

flexible,  313,  314 

styptic,  313,  814 
Collodions,  313 

official,  313 
Collodium,  313 

cantharidatum,  313 

flexile,  313 

stypticum,  313 
Colloid,  165 
CoUoxylin,  608 

Colocynth,  extract,  298,  299,  300 
compound,  298,  299,  300 
Cologne  spirit,  643 
Columbian  spirit,  615 
Column  still,  642 
Complex  solution,  118 
Compound  acetanilide  powder,  406 

cnalk  powder,  406 

effervescing  powder,  406 

elycyrrhiza  mixture,  338,  339 

iron  mixture,  338 


Compound  Jalap  powder,  405 

licorice  powder,  405.  406 

morphine  powder,  406,  406 

rosin  cerate,  422 

solution  of  chlorine,  231,  466 
ofcresol.  231,  624 
Compressed  tablets,  880 

mould  for,  384 
Compressor,  Hoffmann's  screw,  86 

Bmedley,  384 

tablet,  Freck.  386 
Condenser.  Beinaorf,  178 

Slass,  liiebig,  176 
[itscherlicn,  179 

reflux^  177 

spherical,  178 

upright,  Squibb's,  176 

worm,  178 
Confectio  roste,  370 

sennse,  370 
Confection  of  rose,  370 

senna,  370 
Confections,  370 

official,  370 
Coniine,  722,  749 
Conium.  assay,  767 

fluidextract,  284,  285,  288 
assay,  768 
Constant  water-bath,  Davenport's,  90 
Continuous    gelatin-coating,    machine 
for,  368 

percolation,  145 
Contusion.  103 

ConvaUana,  fluidextract,  284, 285 
Convolvulin,  707 
Copaiba,  balsam,  201 

oil  of,  690 
Copaivic  acid,  707 
Copper  acetate,  593 

alum,  593 

arsenite,  593 

nitrate,  Q9S 

still,  186 

sulphate^  502 
Coriander,  oil  of,  690 
Corn  starch,  633 


syrup. 

Corrosive  mercuric  chloride,  573,  577 
Cotton,  absorbent,  608 

medicated,  608 

purified,  608 
Cottonseed  oil,  209,  670 
Couch  grass,  fluidextract,  291 
Cream,  cold,  415 

of  tartar,  488 
Creolin,  624 
Creosol,  616»  617 
Creosotal,  617 
Creosote,  616 

beecnwood,  616 

carbonate,  617 

coal-tar,  616 

official,  616 

phosphate,  617 

tannate,  617 

valerate,  617 

water,  225 
Cresalol,  716 
Cresol,  623 

compound  solution,  231,  624 

crude,  624 

official,  624 
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Cresyl  salicylate,  716 
Creta  prseparata,  530 
Croton  oil,  209, 670 

vesicant  principle  of,  670 

resin,  670 
Crotonchlond  hvdrate,  655 
Crotonoleic  acid,  670 
Crude  acetic  acid^  610 

drugs,  collection  and  preservation 
of,  100 
garbling  of,  102 

tartar,  488. 
Crystal,  nursing  of  a,  200 
Crystallization,  192 

water  of,  199 
Crystalloid,  166 
Crystallose,  628 
Crystals,  acicular,  193 

clinometric  forms,  193 

hemihedral  forms,  193 

holohedral  forms,  193 

laminar,  193 

orthometric  forms,  193 

prismatic,  193 

tabular,  193 
Cabeb  camphor,  690 

fluidextract,  284,285 

oil  of,  690 

oleoresin,  309 

troches,  378 
Cubic  centimeter  pipettes,  44 

Curtman's  44 
Cumarin  in  vanillin,  test  for,  706 
Cupri  sulphas,  562 
Cupric  acetate,  basic,  593  • 

Cuprum  aluminatum,  693 
Curd  soap,  675 
Currants  water  still,  228 
Cutter  for  herbs  and  roots,  104 

for  vanilla,  108 
Cutters,  lozenge,  375 
Cylinder,  loaded,  for   finding  specific 

gravity,  54 
Cymene,  680 

Cypripedium,  fluidextract,  284,  285 
Cystogen,  656 

DAGGETT,  686 
Dandelion,  extract,  306 
fluidextract,  291 
Davenport's  constant  water-bath,  90 
Decantation,  159 

Decimal  system  of  weights  and  meas- 
ures, 28 
Decoction,  129 
Decoctions,  233 

official  method  of  preparation,  234 
Decoloration,  162 
Decrepitation,  water  of,  199 
Definition,  official,  19^  22 
Degrees  of  fineness  of  powders,  official, 

111 
Dehydrated  lard,  206 
Deliquescence.  199 
Denaturated  alcohol,  615 
Densimeter,  Rousseau's,  65 
Density  and  specific  gravity,  definition 
of,  47 
difference  between,  47 
Dephlegmator,  642 
Dermatol,  590 
Dermatologic  pastes,  423 


Description,  official,  19,  24 

Deshler's  salve,  423 

Desiccated  suprarenal  glands,  794 

thyroid  glands,  795 
Desiccation,  168, 171 
Desiccator,  172 
Destructive  distillation.  190 
Determination  of  alconols  in  volatile 
oils,  682 

of  aldehydes  in  volatile  oils,  683 

of  esters  in  volatile  oils,  6S2 

of  phenols  in  volatile  oils,  684 
DeVrrps  test,  744 
Dextrin,  632 
Dextrose,  635 
Diacetylmorphine,  737 
Diachylon  ointment,  415 

plaster.  485 
Diaiysate,  167 
Dialysers,  glass,  166 
Dialysis,  iS 

Diamond  powder  divider,  398 
Diastase,  641 

pancreatic,  797 
Diethyl  sulphate,  648 
Diethylsulphone-idiethylmethane,  614 
Diethylsulphone-dimethylmephane, 

614 
Diethylsulphone-methylethyimethane, 

614 
Diffusate,  167 
Diff^ision,  167 
Digallic  acid,  717 
Digestion,  129 
Digestive  ferments,  796 
Digitalis,  extract,  298.  299 

fluidextract,  284,  2S5 

infusion,  237 

tincture,  265,  268 
Diffitonin,  792 

DihydroxvBalicylic  acid,  712 
Diisobutylorthocresol  iodide,  663 
Diluted  alcohol,  643,  645 
Dimethyldiamidobenzene,  628 
Dimethylsulphone  -  dimethylmethane, 

614 
Dimorphous,  193 
Dionin,  737 

Dipentene,  680,  690, 694,  700 
Diphenylamine,  620 
Dishes,  evaporating,  160 
Disinfecting  fluid,  Burnett's,  602 
Disintegrator,  Mead's,  104 
Dispensatories,  24 
Disx>lacement2circulatory,  120 
Distillation,  173 

destructive,  190 

dry,  190 

fractional,  188 

simple,  174 

of  volatile  oils,  211-217 
Distilled  water,  227,  463 
Diterpenes,  680 
Dith^ol  diiodide.  704 
Division  of  the  pill  maaB,319 
Donovan's  solution,  230 
Doable  hydrometer,  for  detenniiuitJwj 
of  density  and  specific  grarityiw 

minim  burner,  84 
Dover's  powder,  406, 406 
Dragendorff 's  reagent,  728 
Draught,  black,  237 
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Drop,  variation  in  size  of,  45 

Drops,  table  showing  the  number  of, 

to  a  fluidrachm,  45 
Drag  mUls,  105-111 
Enterprise,  106, 108 
Hance's,  107 
Drugs,  alkaloidal,  assay  of,  751 

botanical,  loss  of  weignt  by  drying, 

101 
crude,  collection  and  preservation 
of,  100 
garbling  of,  102 
mechanicaTsubdivision  of,  103 
Dry  distillation,  190 

extracts,  299 
Drying  liniments,  426 
oifi,  203 

distinction    from,     non-drying 
oils,  206 
oven,  hot-air,  172 
hot-water,  172 
Duboisine,  735 
Dulcitol,  685 
Duotal,  618 
Dusting,  pilLSSl 
Dynamite,  077 

EARTH  WAX,  679 
Easton's  syrup,  248 
Eccentric  mill,  Bogardus,  109 
Ecgonine,  729 
Ecuelle  A  piquer,  218 
Edges,  192 

Effervescent  citrated  caffeine,  409,  410 
lithium  citrate.  409,  410,  518,  520 
magnesium  sulphate,  409,  410,  639, 

potassium  citrate,  410,  487,  492 

salts,  ffranular,  408 
official,  409 

sodium  citro-tartrate.  516 
phosphate,  410,  501,  511 
Efflorescence,  199 
Eichhorn*s  areopycnometer,  65 
Elaidin,  667 
Elsosacchara,  407 
Elnosaccharum  anisi,  407 

foenicull,  407 

limonis,  407 

menthfB  piperits,  407 
Elaterin,  787 

trituration  of,  407 
Electric  plate-stove,  79 
Elixir  adjuvans,  257 

aromaticum,  257 

ferri,  quininse  et  strychninie  phoe- 
jphatum,  257 

of^  iron,    quinine   and   strychnine 
phospnates,  257 

or  orange,  257 

of  pepsin,  bismuth  and  strychnine, 

pepsini,  bismuth!  et  strychninae,  258 

proprletatis,  270 
Eli3drs,  256 
Ellagic  acid,  718 
Elm,  mucilage  of,  253 
Elntriation,  114 
Emplastrum  adhfesivum,  436 

belladonnsB,  435 

cantharidis,  422 

capbici,  435 


Emplastrum  hydrarg^ri,  435 

lyttffi,  422 

opii,  436 

plumbi,  436,  436,  592 

saponis,  435 

vesicans,  422 
Empty  capsules.  359 
Emulsification,  theory  of,  315 
Emulsion  of  almond,  324 

of  asafetida,  323,  324 

of  chloroform,  323,  324 

of  codliver  oil,  328 

with  hypophosphites,  323 

primary,  317 
Emulsions,  816 

acacia.  317 

artificial,  316 

continental  method.  317,  318 

English  method,  317 

ether,  chloroform,  etc.,  319 

gum-resin,  316 

Irish  moss,  320 

lycopodium,  316 

natural,  315 

offlcial,  323 

oil,  316 

Forbes'  method,  319 
of  turpentine,  323,*324 

preparation,  316-322 

seed,  316 

tragacanth,  320 

yoll  of  egg,  320 
Emulsum  amygdalfe,  323 

asafoBtidsB,  323 

qhloroforxni,  323 

olei  morrhus,  323 

cum  hypophosphitibus,  32^ 
terebinthinae,  823 
Enfleurage.  218 
English  offlcial  name,  19,  21 
Enterprise  drug  mill,  106, 108 

press,  163 
Eosote,  617 
Epinephrin,  796 
Epsom  salt,  22. 541 

Equivalents  of  approximate  measure- 
ments, 46 
in  metric  measure,  46 
Ergot,  extract,  297,  298,  299 

fluidextract,  284,  285 

wine,  279 
Erigeron,  oil  of,  690 
Eriodictyon,  fluidextract,  284,  286 
Erucic  acid,  664 
Erythritol,  635 
Erythrose,  635 
Eserine,  739 

salicylate,  739 
Essence  of  bitter  almond,  26C 

of  mirbane,  687 

of  peppermint,  261 

of  spearmint,  261 

of  wintergreon,  261 
Esters,  determination  in  volatile  oil8« 

682 
Ether,  646 

acetic,  647 

amyl,  663 

emulsions,  319 

ethyl,  646 

extraction  apparatus,  308 

hydrobromiue,  648 


812 


INDEX, 


Ether,  hydrochloric.  649 

nitrous,  spirit  of,  667 

official,  647 

pyroacetio,  618 

tannin,  717 
Ethereal  oil,  648 
Etherification,  646 
Ethers,  mixed,  646 

simple,  646 
Ethvl  acetate,  647 

bromide,  648 

carbamate,  649 

chloride,  649 

ether,  646 

nitrite,  667,  658 

oxide,  646 

urethane,  649 
Ethylene  bromide,  649 
Ethylmorphine  hydrochloride,  737 
Eucalyptol,  687.  691,  702 
Eucalyptus,  fluidextract,  284, 286 

oil  of,  601 
Euchlorine,  466 
Eudesmol,  691 
Eugenol,  689,  696,  700,  701 

acetate,  689 

benzoyl,  680 
Euonymus,  extract,  297.  298,  299 

fluidextract,  284,  286 
Eupatorium,  fluidextract,  284,  286 
Euphorin,  649 
Eureka  tablet  machine,  385 
Europhen,  663 
Evaporating  dishes,  160 
Evaporation,  168 

spontaneous,  169 

in  vacuo,  169 
Everitt's  salt,  711 
Exalglne,  625 

Examination  of  volatile  oils,  681 
Excipients  for  pills,  343 
Expressed  oil  of  almond,  667  , 

of  nutmeg,  694 
Expression,  162 

of  volatile  oils,  218 
Exsiccated  alum.  543,  544 

calcium  sulpnate,  633 

ferrous  sulpnate,  647,  550 

sodium  arsenate^  501,  502 
phosphate^l,  611 
Exsiccation.  168, 171 
Extract  of  aloes,  298,  299 

belladonna  leaves,  297,  299 

calabar  bean,  305 

cascara  sagrada,  298,  305 

ciroicifnga,  297,  300 

colchicum  corm,  298,  300 

colocynth,  298,  300. 
compound,  298,  300 

dandelion,  306 

digitalis,  ^98 

ergot,  297,  301 

euonymus,  297,  301 

gentian.  298,  301 

glycyrrhiza,  298,  301 

Goulard's,  232,596 

hematoxylon,  298,  302 

hyoscyamus,  297,  302 

Indian  cannabis,  2S7j  300 
hemp,  300 

krameria,  298,  302 

leptandra,  297,  302 


Extract  of  licorice,  301 
logwood,  302 
malt,  29&  302 
nux  Tomicaj^8,  303 
opium,  298,  308 
pnysostigma^297,  306 
quassia,  208,  305 
rnatany,  302 
rhubarb,  297,  306 
Bcopola,  297,  306 
stramonium,  ^7,  306 
sumbul,  297,  306 
taraxacum,  298,  306 
vanilla^  276 
wahoo,  301 
Extractionj428 
Extracts,  292 
alcoholic,  296 
aqueous,  295 

changes  by  evaporation,  2M 
consistence  of,  293 
dry.  299 

hydroalcoholic,  296 
official,  297,  298 

classified  according  to  consis- 
tence, 299 

menstruum  used,  297 
pilular,  299 
powdered,  294 
scide,  294 
soft,  299 

standardized,  294 
Extractnm,  aloes,  298,  299 
belladonnie.  Wd 

alcoholicum,  299 

foliorum,  298,  299' 

viride,  299 
cannabis  indicfe,  296, 300 
cimicifugsB,  298, 300 
colchici  cormi,  298,  300 
colocynthidis,  298,  300 

compositiim,  296, 300 
cubebamm,  309 
digitalis,  298 
ergotie,  298.  301 
euonymi,  296,  301 
ferri  pomatum,  567 
fllicis,d09 

sethereum,  309 

liquidum,  309 
gentians,  298,  301 
glycyrrhjzas  purum,  298,  SOI 
hasmatoxyli,  298, 302 
hyoscyami,  298,  302 

viride,  302 
kramerisB,  296,  302 
leptandrss,  298,  302 
malti,  298,  302 
nucis  vomics,  298, 303 
opU,  298,  304 
pnysostigmatis,  298,  305 
quassiiB,  298,  305 
rnamni  purshiane,  296, 905 
rhei,  296,  306 
Bcopols,  298,  306 
stramonii,  296,  306 
sumbul,  298,  306 
taraxaci,  298,  306 

FACES,  192 
Fahrenheit  thermometer,  97 
Farinose,  631 
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Pat,  wool,  207,  673 
hydrous,  207 
natural,  673 
Fats,  description,  202 

and  fixed  oils,  action  of  acids,  667 
iodine  test  for,  666 
official,  667 

saponification  value,  666 
official,  2Gi6 
Fatty  oil  of  nutmeg,  (994 
Fehling's  solution,  636 
Fel  bovis  purificatum,  297 
Fenchone,  691 
Fennel,  oil  of,  691 

water,  226 
Fermentation,  641 
saccharine,  641 
vinous,  641 
Ferments,  digestive,  796 
Ferri  carbonas  saccharatus,  47 
chloridum,  47 
citras,  47 

et  ammonii  citras,  548 
sulphas,  548 
tartras,  648 
et  potassii  tartras,  648 
et  quininsB  citras,  548 
solubiiis^  548 
et  strychnin  SB  citras,  648 
hydroxidum,  648 

cum  mngnesii  ozido,  648 
hvpophosphis.  648 
pnosphas  solubilis,  548 
pyrophosphas  solubilis,  548 
sulphas,  647 

ezsiccatus,  647 
eranulatus,  647 
Ferric  fubuminate,  solution,  568 
alum,  553 

ammonium  sulphate,  648,  653 
benzoate,  666 
chloride,  648, 653 

solution,  231,  648,  661 
tincture,  264,  266,  279,  271,  648 
citrate,  547,  654 
soluble.  568 
ferrocyaniae,  566 


glycerophosjphates,  666 
hydroxide. 


648,666 

with  nia^nesium  oxide,  648,  565 
hypophosphite,  548,  555 
oxyhydrate,  648 
phosphate,  soluble,  648,  566 
pyrophosphate,  soluble,  648,  667 
subsulphate,  solution,  548,  662 
sulphate,  solution,  648,  563 
valerate,  568 
valerianate,  568 
Ferrostyptin,  667 
Ferrous  bromide,  565 

carbonate  mass,  368,  651 

pills.  364,  365 

saccnarated,  547,  551 
iodide,  566 

pills,  364,  366 

syrup.  243,  245,  248,  562 
lactate,  d66 
malate,  impure,  567 
oxalate,  667 
salicylate,  568 
sulpnate.  547,  560 

dried,  550 


Ferrous  sulphate,  cranulated,  647, 661 
Ferruginous  pills,  22,  864 
Ferrum,  647 

reductum,547 

tartaratum,  660 
Filler,  capsule,  Ihrig's,  400 
Filter  bag,  147 

oil,  Warner's,  149 

plain,  149 

manner  of  folding,  160 

plaited,  161 

construction  of,  151 

pump.  Chapman's,  156 
Geissler's,  166 
portable,  156 
Richard's,  156 
Filtering  apparatus,  167 
FUtration,  146 

of  volatile  liquids,  164 
Finkner  burner^83 
Fir,  balsam  of,  201 
Fixed  oils,  adulteration,  206 
bleaching  of,  206 
description,  203 
expression,  203 
extraction,  206 
steam  press  for,  204 
Flannel  strainer,  147 
Flask,  acetylization,  683 

aldehvde,  684 
Fletcher  low  temperature  burner,  81 

radial  burner,  84 
Flexible  collodion,  313,  314 
Flores  zinci,  600 
Fluid,  disinfecting,  Burnett's,  602 

measure,  iniperlal,  27 
United  States,  27 
Fluldextract  of  aconite,  284,  286,  287 

apocynum,  284.  286 

aromatic  powder,  284,  286 

belladonna  root,  284,  285,  287 

berberis,  284,  286 

bitter  orange  peel,  284,  285 

blackberry  root,  290 

buchu,  284, 286 

calamus,  284, 285 

calisaya  bark,  288 

calumba,  284.  286 

cannabis  indica,  284,  286,  288 

capsicum,  284,  285 

cascara  sagraaa,  284, 286 
aromatic,  285,  290 
tasteless,  290 

chimaphila,  284,  285 

chirata,  284,285 

cimicifuga,  284,  285 

cinchona,  284,  286,  288 

coca,  284,  286,  288 

colchicum  seed,  284,  285,  288 

conium,  284, 285,  288 

convallaria,  284,  285 

couch  grass,  291 

cubeb,  284,  285 

cypripedium,  284. 286 

dandelion  root,  281 

digitalis,  284,  WS 

erp^>t^  284,  WS 

eriodictyon,  284,  286 

eucalyptus,  284,  286 

euonymus,  284.  286 

eupatorium,  284,  286 

frangula,  284,  286 
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Fluldextract  of  gelsemium,  284, 286 

gentian,  284,  286 

geranium,  284,  286 

ginger,  284,  286 

glyoyrrhiza,  286,  286,  288 

grindelia,  284, 286 

ffoarana,  284, 286,  288 

namamelis  leaves,  284,  286 

henbane,  289 : 

hydrastis,  284,  286^^289 

hyoscyamus,  284,  2^,  289 

Indian  hemp,  288 

ipecac,  284,  Wdy  28» 

iaborandi,  289 

Rrameria,  284,  286 

lappa,  284,  286 

leptandra,  284,  286 

licorice,  288 

lobelia,  286,  286,  289 

lupulin,  284,  286 

matico,284,286 

mezereum,  284,  286 

nux  vomica,  284,  286,  289 

oak  bark,  290 

pareira,  284,  286 

Phytolacca,  284,  286 

pilocarpus,  284,  286,  289 

podophyllum,  284,  286 

pomegranate  bark,  284,  286 

quassia,  284,  286 
»    quercus,  284,  286,  290 

quillaja,  284,  286, 290 

rhubarb.  284,  286 

rhus  glabra,  284,  286 

rose,  284,  286 


Tubus,  284^  293.290 
sanguinaria,  2o6, 2b6 


sarsaparilla,  284,  286 
compound,  284,  287 

savin,  284,  287 

scopola,  284,  287,  290 

Scutellaria,  284,  287 

senega,  286, 287,  290 

senna,  284,  287,  290 

serpentaria,  284,  287 

soapbark,  290 

spigelia,  284,  287 

squill,  286,  287 

stavesacre,  284,  287 

stillingia,  284,287,  291 

stramonium,  284,  287,  291 

sumbul,  284,  287 

taraxacum,  284,  287,  291 

triticum,  285,  287,  291 

uvaursi,  284,  287 

valerian,  284,  287 

veratrum,  284,  287,  291 

viburnum  opulus,  284,  287 
prunifolium,  284,  287 

wild  cherry,  284,  287 

xanthonylum,  284,  287 
Pluidextracts,  281 

history,  281 

list  of,  arranged  according  to  men- 
Btrum  used,  284 

official,  284,  285 

preparation,  282,  283 

standardized,  281 

strength,  281 
Foot  blower.  81 

Forbes'  method  of  making  emulsions, 
318 


Formaldehyde,  656 

solution,  230,  656 
Formalin,  656 
Formamide.  664 
Formic  acia,  ^1 
Formin,  666 
Formol,  656 

Formyl  terchloride,  651 
Fowler's  solution,  232, 686 
Fractional  distillation,  189 
Frame  for  cloth  strainers,  148 
Frangula,  fluldextract,  284, 286 
Freck's  suppository  machiiie,  444 

tablet  compressor,  386 
Freezing  mixtures,  128 
Fresh  herbs,  tinctures,  287,269, 276 
Friable  substances,  mode  of  powde^ 

ing.  117 
Friar's  balsams,  271 
Fructose,  637 
Fruit  sugar,  637 

syrups,  preparation,  241 
Funnel,  not-air,  165 

hot-water,  165 
Funnels,  154 
Furfurol,  610 
Fusel  oil,  642 

aALLACETOPHENONE,  713 
Oallactophenone,  713 
GalUc  acid,  7Q 
Gallotannic  acid,  717 
Gkimbir,  tincture,  compound,  267,  268, 
272 

troches,  378 
Garbling  of  crude  drugs.  102 
Gas  regulator,  Bunsen-Eemp,  86 

stove.  Jewel,  86 
Gaultheria,  oil  of,  691 
Gaultherin.  686,  692 
Geissler's  mter  pump,  156 
Gelatin  bougies,  mould  for,  445 

ooater,  Franciscus,  357 
Maynard's,  357 
Patch's.  3^ 
Porcupine,  356 

coating  of  pilla^354 

glycermated,  438 

lozenges,  377 
Gelatinum  glycerinatum,  438 
Gelatole,  414 
Gelsemiiun,  fluldextract,  284, 286 

tincture.  265,  268 
Gentian,  extract,  298,  299, 301 

fluldextract,  284,  286 

tincture,  compound,  265,  269 
Gentle  heat.  99 
Geosote.  618 

Geraniol,  681,  691,  692, 696 
Geranium,  fluldextract,  284,  286 

oil  of,  696 
Gteranyl  acetate,  093 
German  chamomile,  22 
Ginger,  fluldextract,  284,  296 

oleoresin.  309,  310 

syrup^244.  246,251 

tincture.  266,  269 
Glacial  acetic  acid.  610, 611 
Glands,  suprarenal,  desiccated,  794 

thyroid,  desiccated,  796 
Glass  dialysers,  166 

receiving  jar,  graduated,  141, 142 
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Glass  separator,  158 
Glaases,  graduated  medicine,  46 
Glauber  salt,  22 
Glonoin,  spirit  of,  262 
Glucose,  636 

liquid,  636 

syrup  ofj637 
Glucosides,  785 
Glucusimide,  628 
Gluside,  628 

soluble,  628 
Gluten.  633 
Glycerin,  676 

acid  phosphate,  677 

baths,  88 

jelly,  438 

manufacture  of,  676 

sui>positories,  445 
Glycerinated  gelatin,  438 
Glycerite  of  boroglycerin,  254 

of  carbolic  acid,  255 

of  glyceryl  borate,  254 

of  golden  seal,  255 

of  Hydrastis,  255 

of   iron,  quinine    and    strychnine 

^»hospnates,  254 
enol,  255 
of  starch,  254 
of  tannic  acid,  263 
of  yolk  of  egg,  255 
Glycerites,  253 
Glyceritum  acidi  tannici,  253 
amyli.  254 
borogiycerini,  254 
ferri,  quininse  et  strychninsB  phos- 

phatum,  254 
hvdrastis,  265 
pnenolis,  256 
Glycerogelatins,  423 
Glycerophosphoric  acid,  677 
Glyconin,  266 
Glyceryl.  664 
borate,  254 

glycerite  of,  254 
trioleate,  664 
trinitrate,  677 

spirit,  261,  262, 677 
tablets,  677 
tripalmitate,  664 
tristearate,  664 
Glycerylsulphuric  acid,  667 
Glycoooll,  709 
Glycyrrhetin,  788 
Glycyrrhiza,  extract,  pure.  298,  301 

fluidextract.  285,  &d,  288 
Glycyrrhizic  acid,  787 
Glycyrrhizin,  787 

ammoniated,  787 
Goa  powder,  787 

Gold  and  sodium  chloride,  592,  602 
Golden  seal,  fluidextract  of,  289 
glycerite  of,  255 
sulphur,  583 
Goulara^s  cerate,  422 

extract,  232, 696 
Graduated  medicine  glasses,. 46 
Graduates,  acme.  42 
conical.  42 
cylindrical,  42 
tumbler^haped,  42 
sterling,  43 
Granular  effervescent  salts,  408 


Granular  effervescent  salts,  official,  409 

Granulated  ferrous  sulphate,  547,  5ol 

Granulation,  114, 116 

Granules,  340 

Granuloee,  631 

Grapesugar,  636 

Grauer's  method  for  determing  specific 

gravity,  64 
Green  mercury  iodide,  577 

soap.  676 

tincture,  425 
Griffith's  mixture,  22,  338 
Grindelia,  fluidextract,  284,  286 
Grommet's,  170   . 
Guaiac  bark  saponins,  792 

gum,  201 

tincture,  267,  269 

ammoniated,  267,  269 

wood,  oil  of,  696 
Guaiacamphol,  618 
Guaiacol,  617 

benzoate,  618 

camphorate,  618 

carbonate,  618 

cinnamate,  618 

phosphate,  618 

phosphite,  618 

salicylate,  618 

salol,  618 

valerate,  618 
Guaiaconio  acid,  707  ^ 

Guarana,  assay,  769 

fluidextract,  284,  286 
assay,  769 
Guaranine,  727 
Gum,  benzoin,  201 

British,  632 

guaiac.  201 

masticne,^! 

opium,  201 

rorin  emulsions,  316 
Gums,  633 

true,  definition,  201 
Gumresins,  definition,  202 
GUnsburg's  test,  706 
Gurjun  balsam  oil,  697 
Gypsum,  633 

HALPHEN'S  test,  671 
Hamamelis    leaves,    fluidextract, 
284,  286 
water,  227 
Hance's  drug  mill,  107 
Hand-made  suppositories,  439 
Hard  soap,  676 
Harris'  sifting  machine.  111 
Harrison's  lozenge  board,  374 
Heat,  78 

active,  78 

amount  of,  79 

control,  87 

distribution,  87 

fi^entle.  99 

intensity  of,  79 

latent,  7)3 

measurement  of,  96 

moderate,  99 

of  fluidity,  latent,  92 

of  fusion,  latent,  93 
Heavy  magnesia,  639 

magnesium  oxide,  589 

oil,  621 
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Hedeoma,  oil  of,  092 
Hematozylon,  extract,  208,  802 
Hemihedral  forms,  193 
Henbane,  fluidextract  of,  289 
Herbs,  fresh,  tinctures,  267,  260,  276 

and  roots,  cutter  for,  104 
Heroin.  737 
Hesperidene,  680 
Hexagonal  system,  the,  196 
Hexamethylenamine,  666 
Hexamethylene  bromethylate,  667 
iodoformin,  667 
salicylate,  667 
tannin,  667 
tetramine,  666 
Hexoses,  636 
Hexylamine,  660 
Hircln,  673 
Hofibiann's  anodyne,  260,  261 

screw  compressor,  86 
Holohedral  forms,  193 
Homatropine  hydrobromide,  724 
Honey,  clarified,  268 
natural,  637 
of  rose,  263 
Honeys,  263 
Hot-air  funnel,  166 

water  funnel,  166 
Huebl's  iodine  number,  666 
Humulene,  680 

Hydrargyri  chloridum  corrosivum,  673 
mite,  673 
iodidum  flavum,  673 

rubrum,  673 
oxidum  flavum,  673 
rubrum,  673 
Hydrargnrrum.  673 

amidato-bichloratum,  676 
ammoniatum,  673 
chloratum  vapore  paratum,  676 
cum  creto,  673 
Hydrastine,  726 

Hydrastinine  hydrochloride,  733 
Hydrastis,  assay,  769,  770 
colorless,  7^ 
fluidextract,  284,  286,  289 

assay,  770 
glycerite  ofl  266 
tincture,  266,  268,  272 
assay.  771 
Hydrated  chloral,  663 

suppositories  of,  442 
Hydriodic  acid,  diluted,  476 

syrup  of,  242,  246 
Hydroalcoholio  extracts,  296 
Hydrobromic  acid,  diluted,  477 

ether,  648 
Hydrochloric  acid,  478 
diluted,  479 
ether,  649 
Hydrocyanic  acid,  681,  686 
diluted,  711 
Scheele's,  712 
Hydrogen  dioxide,  463 
solution,  463 
assay  of,  466 
manufacture  of,  464 
Hydrometer,  Baum^'s,  68 

rules  for  finding  specific  gravity, 
69 
Beck's,  68 
Cartier's,  66 


Hydrometer,  double,  for  determination 
of  density  and  spedflc  gravity,  62 

Jones',  68 

Nicholson's,  63 
Hydrometers,  specific  gravity,  68 

spirit,  64 

Twaddell's,  68,  63 

Zanetti's,  68 
Hydronaphtnol,  627 
Hygrine,  729 
Hygroscopicity,  199 
Hyoecine  nydrobromlde,  734 
Hyoscyamine,  736 

hydrobromide,  736 

sulphate,  736 
Hyosoyamus,  assay,  766,  766 

extract,  297,  296, 302 
assay,  750 

fluidextract,  284, 286,289 
assay,  7O0 

tincture,  266,  268,  272 
assay,  760 
Hypnal,  656 

Hypodermic  tablets,  394 
Hypophosphites,  syrup  of,  243, 248 

compound,  243,  248 

IHRIG'S  capsule  filler,  400 
Immunity  unit,  793 
Imperial  fluid  measure,  27 
minim,  28 
weight,  26 
Incineration.  173 

Incompatibilities,  summary  of,  886 
Incompatibility,  326 
chemical,  329 
pharmaceutical,  326 
therapeutic,  334 
Increase  m  volume  of  solutions  of  solids. 

126 
Indian  cannabis,  extract,  297, 296, 800 
fluidextract,  284.  286,  288 
tincture,  266,  268, 271 
hemp,  tincture,  271 
Inflised  oils,  426 
Infusion,  128 
digitalis,  237 
pot.  Squire's,  236 
senna,  compound,  237 
wild  cherry,  238 
Infiisions,  236 
official,  236 

method  of  preparation,  236 
Inorganic  acids,  474 
Inspissated  juices,  292 
Instruments  for  finding  specific  grav* 
ity    of    very     small    quantities     of 
liquids^  66 
Interstitial  water,  199 
Inulin,  683 
Inverted  sugar,  637 
Iodine,  468 

assay  of,  469 
caustic,  Churchill's,  470 
compound  solution  of,  470 
decolorized  tincture  of,  470 
manufacture  of,  409 
ointment  of,  470 
test  for  fats  and  fixed  oils,  666 
tincture,  266, 268,  272, 469 
ChurchUl's,  470 
decolorized,  470 
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Iodoform,  662 
ointment,  419 
sappoflitories  of,  442 
lodoformin,  657 
lodol,  658 

Ipecac  and  opium,  powder,  405,  406 
tincture,  266,  272 
aasay,  771 
fluideztract,  284,  2S6,  280 

assav,  772 
syrup  oL  243, 249 
wine,  279 
Irish  moss  emulsions,  320 
Iron,  647,  648 

albuminate,  666 
alum,  643 

and  ammonium  acetate,   solution, 
231,  548,  663 
citrate,  648,  657 
tartrate,  648,  667 
arsenate,  665 
syrup,5e9 
benzoate,  666 
bromide,  666 

citrochloride,  tincture,  600 
citro-iodide,  syrup,  660 
dialyzed,  666 
ferrocyanide,  666 
fflycerophosphate,  666 
iodide,  666 

syrup,  243,  246,  248, 662 
tasteless,  &60 
lactate,  666 
malate,  567 

mixture,  compound,  338 
oxalate,  567 
oxide,  saccharated,  568 
soluble,  syrup,  669 
peptonate,  5o7 
phosphate^  567 

and  potassium  tartrate,  548,  560 
and  quinine  citrate,  548,  6^ 

soluble,  548,  650 
quinine  and  strychnine  phosphates, 
elixir  of,  257 
glyceriteof,254 
s^Tup  of,  243,  248 
reduced,  547,  648 
salicylate,  568 
soluble  oxide,  syrup  of,  660 
and  strychnine  citrate,  548,  560 
subcarbonate,  568 
tasteless  tincture  of,  560 
valerate,  568 
wine  of,  279 
bitter,  279 
Isomorphous,  193 
Isonitroso-antipyrine,  627 
Isotropylcocaine,  729,  730 
Isov^eraldehyde,  695 
Isovaleric  acid,  605 

JABORANDI,  fluidextract,  289 
Jalap,  compound  powder,  405 
resin  of^  310,  311 
adulteration,  311 
Jar,  glass  receiving,  graduated,  141,  142 
Jelly,  glycerin,  438 
Jervine,  748. 
Jesuit's  balsam,  271 
Jewel  gas  stove,  85 
Jones'  mixer  and  sifter,  112 

52 


'  Juices,  inspissated,  292 
Juniper,  ou  of,  692 

empyreumatic,  687 


K 


AMI,  635 
Kaolin  poultice,  423 
Kelen,  660 
Kelpi  468 

Kentish  liniment,  426 
Keratin,  361 

coaung^ills,  361 

Dunning  s  method,  362 
Keratinized  pills,  361 
Kermes  mineral,  583 
Kerner's  test,  748 
Ketones,  613 

Kino,  tincture,  267, 268,  272 
Klunge's  test,  786 
Koettstorfer  number,  665 
Konseal  filling  apparatus,  402 
Konseals,  402 
Krameria,  fluidextract,  284,  286 

syrup,  243,  246,  249 

tincture,  206,  260 

troches,  378 

T  ABARRAQUE'S  solution,  22,  232,  615 

-Li    Lao  asafcetids,  324 

Lactic  acid,  713 

Lactose,  638,  680 

Laotucarium,  syrup,  243,  245,  249 

tincture,  266,  269,  273 
Lady  Webster  dinner  pills,  365 

I>il]s,  22 
Laminar  crvstals,  193 
Lamp^  alconol,  BarthePs,  80 

spirit,  nickel-plated,  80 
Lana  phllosophica,  600 
Lapis  divinus,  693 
Lappa,  fluidextract  of,  284,  286 
Lard,  205,  670 

benzoinated,  206 

dehydrated,  206 

oU,  206,  671 
Latin  official  name,  19,  20 
Laudanum,  273 
Laurie  acid,  664 
Lavender  flowers,  oil  of,  692 

spirit,  261 

tincture,  compound,  267,  268 
Lead  acetate,  602,  603 

iodide,  602, 594 

nitrate.  602,  504 

oxide,  602,  504 

plaster,  435,  502 

subacetate  cerate,  422 
solution,  592,  696 

sugar  of,  504 

water,  231, 594,  607 
Leeching,  128 
Lemon,  oil  of,  692 

peel,  tincture,  267,  269,  273 
Leptandra,  extract,  297,  298,  299,302 

fluidextract,  284,  286 
Leucomaines,  721 
Levigation,  113 
Levmose,  fiK37 
Lichenin,  633 
Licorice,  compound  powder,  406,  406 

extract,  purified,  299 

fluidextract,  288 
Liebermann's  cholestol  reaction,  674 
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Liebigf  condensert  all-glass,  176 

Light  majgnesja,  639 

Lignin,  607 

Lignose,  607 

Lightning  sifter  and  mixer,  112 

Ume.  630,  533 

air-slaked,  633 

chlorinated,  680,  683 

milk  of,  533 

slaked,  533 

solution,  680,  686 

sulphurated,  630,  633 

syrup  of,  242,  247  630,  633, 

water,  680,  686 
Ximonene,  680.  688,  690. 692,  694,  693 
Unalool,  6S1,  mL602,  896 
Linalyl  acetate,  602 
Uniment,  ammonia,  424 

bellaaonna,  426 

camphor,  425 

chloroform,  426 
compound,  426 

hartshorn,  424 

Kentish,  ^6 

lime,  426 

soap,  426,  426 

soft  soap,  426 

turpentine,  426,  426 

volatile,  424 
liniments,  424 

drying,  426 
Xdnimentum  ammonife,  424 

belladonnsB,  426 

calcis.  426 

campnorsB,  425 

chloroform!,  425 

saponis,  426 
mollis,  425 

sulphoricinatum,  668 

terebinthinee,  426 
linolenic  acid,  664,  671 
liinolic  acid,  664,  671 
liinseed  oil,  200,  671 
Lint,  patent,  607 
Xiipase,  798 
liquid  opodeldoc,  426 

petrolatum,  678 

pitch,  616 

supernatant,  116 
Liquefied  phenol,  623 
Liquor  acidi  arsenosi,  230,  681 

ammonlsB  fortis  627 

ammonii  acetatis,  231,  531 

antisepticus,  230 

arseni  et  hydrargyri  iodidi,  230, 681 

arsenicalis,  687 

bismuth!.  589 

calcis,  290,  530 

chlori  compoeitus,  231 

cresolis  compositus,  231 

ferri  chloridi,  231,  548 

et  ammonii  acetatis,  231, 518 
oxychlorati.  566 
oxydati  dialysati,  668 
BUDsulphatis,  231,  548 
tersulphatis,  231, 548 

formaldehydi,  230.  656 

hydrargyri  nitratis,  233,  573 

led!  compositus,  230 

magnesii  citratis,  232,  639 

natri  caustici,  515 

plumbi  dilutus,  231 


Liquor  plumbi  subacetatis,  231, 582 

potassii  arsenitis,  232, 487, 661 
citratis,  232.  487,  681 
hydrpxidi,  23L487 

sods  chlbrinatie,  282. 601 

sodii  arsenatis,  231,  501,681 
hTdroxidi,231,601 
pnosphatis  compodtus,  232 

zinci  chloridi^  232,  692 
List  of  abbreviations  used  in  prescrip* 
tions,455 

of  fluidextracts  arranged  according 
to  menstruum  used,  284 
Lithaige,  506 
Lithli  benzoas,  618 

bromidnm,  618 

carbona8.618 

citraB,61» 

effervescens,  409, 618 

salicylas,  618 
Lithium  benzoate,  618 

bromide,  618 

carbonate,  618,  619 

citrate,  618,  620 

effervescentjJOO,  410, 518, 520 

salicvlate,  618, 520 
Lixiviation,  128 
Loaded   cylinder    for  finding  specific 

gravity,  o4 
Loaf  sugar,  638 
Lobelia,  fluidextract,  285,  286,  289 

tincture,  266,  268 
Losophane.  653 
Loss  of  weieht  by  drying  of  drugs,  101 

by  powdering  drugs,  112 
Levi's  specific  gravity  beads,  66 
Low  temperature  burner,  Fletcher,  81 

wines,  642 
Lozenge  board,  EEarrison's,  374 

Procter's,  373 
Lozenges,  871 

Bntisn  Pharmacopoaia,  371 

chocolate,  377 

cutters,  876  * 

gelatin,  377 

maBBe82972 

mold,  876 

official,  378 
LugoPs  solution,  230 
Lunar  caustic,  605 
Lupulin  fluidextract.  284,  286 

oleoreain,  809,  310 
Lysol,  624 

Lycopodium  emulsions,  816 
Lysimeter,  Rice's,  122 


MACE,  oU  of,  694 
Maceration,  129 
Machine    for  continuous  gelatin-coftt- 
inflf,358 
nuniberlng,  for  prescriptions,  456 
sifting,  Harris',  111 
suppository,  Freck's,  444 
Perfection,  443 
WhitaU's,  445 
tablet,  steam,  388 
Machines  for  mixing  pill  masses,  343 
Maclagaii's  test,  730 
Magendie's  solution,  738 
Magisterium  bismutni,  600 
Magma,  114, 116 
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Ma|^esia539 

alba.  640 

calcined,  639 

heavy,  639 

light.  690 
Magnesii  ozidam,  689 

ponderosnm,,  639 

Bulphas,  689 

eflfervescens,  409,  689 
Mafi^nesiom  carbonate,  639,640 

citrate,  solution,  641 

hydroxide,  639 

oxide,  689 

sulphate,  689,  641 

eflferyesoent,  409,  410, 639, 641 
Malt,  641 

extract2296.308 

sugar,  688,  040 
Malto-dextrin,  642 
Maltose,  688,  040 
Mansanese,  black  oxide,  671 

moxide,  native,  671 
precipitated,  670 

hypophosphite,  670, 671 

sulphate,  670,  671 
Mangani  dioxidum  praecipitatum,  670 

hypophosphis,  a70 

sulphas,  670 
ManganouB  sulphate,  671 
Mannitol,  686 
Marine  soap,  074 
Maris'  suppository  mould,  440 
Marme's  reagent,  728 
Mashing  process,  641,  642 
Mass,  bme,  809 

of  ferrous  carbonate,  868 

of  mercury,  869 
Masses,  official,  868 
Mastiche,  gum,  201 
Matico,  nmdextract,  284,  286 
Mayer's  reagent.  728 
Maynard's  gelatin-coater,  367 
Mead's  disintegrator,  104 
Measurements,  approximate,  44 
Measures,  41 

of  capacity,  80 
length,  30 
weight,  80 
Mechanical  shaker,  674 

stirrer.  Moss',  170 

subdivision  of  drugs,  103 
Meconic  acid,  714 
Medicated  cotton,  606 

soaps,  676 

varnishes,  426 
Medicine  glasses,  graduated,  46 
Mel  depuratum,  263 

rostB.  268 
Melanthinic  acid,  792 
Melissic  acid,  664 
Melting  point,  91 

determination,  94 
Menstrua  used  in  pharmacy,  128 
Menstruum,  118 
Menthol,  681,  696,  702 
Menthone,  681, 606, 702 
Menthyl  acetate,  096 

isovalerate,  605 
Mercaptol,  614 
Mercurial  ointment,  419 
mild,  420 
plaster,  436 


Mercuric  carbolate,  680 

chloride,  corrosive,  673, 677 
diphenate,  680 
iodide,  red,  678, 677 
nitrate,  ointment,  420' 

solution,  678, 679 
oleate,  426,  428 
oxide,  red,  673, 679 

ointment2419 
yellow,  573, 678 
ointment,  419 
phenate,  680 
salicvlate,  680 
sulpnate,  680 
Mercurius  dulcis.  676 
Mercurous  chloride,  mild.  673, 676 
iodide,  yellow,  678,  676 
sulphate,575 
tannate,580 
Mercury,  678 

amidochloride,  675 
ammoniated,  678. 674 

ointment,  419 
iodide,  green,  677 
massof7869 
oleate  of,  426,  428 
with  chalk,  674 
Metadioxy  benzene,  624 
Methane.  606 
Methonal,  614 
Methozine,  626 
Methyl  alcohol,  615 
test  for.  644 
aldehyde,  666 
anthranilate,  696 
catechol,  617 
salicylate,  686,  691,  702 
Methylacetanilide,  626 
Methylbenzene,  619 
Methylbenzoylecgonine,  729 
Methylchavicol,  686 
Methylene  blue,  628 

oxide,  666 
Methylmorphine,  731 
Methylpropyl  phenol,  704 
Methylprotooatechuic  aldehyde,  706 
Methylsulphonal^  616 
Methyltheobromine,  727 
Methylthionine  hydrochloride.  628 
Metric  fluid  measure,  table  or  equiva^ 
lents  in  apothecaries'  fluid  mea- 
sure, 32 
system  of  weights  and  measures,  28 
origin  of,  28 
tables  of,  30 
weight.  28,  30 

table  of  equivalents  in  apothe- 
caries'and  avoirdupois  weight, 
81 
weights  and  measures,  30 
equivalents  of,  80, 31 
Metrology,  25 

Mezereum,  fluidextract,  284,  286 
Michael's  powder  divider,  397 
Mild  mercurous  chloride,  578, 575 
Milk  of  sjsafetida,  324 
sugar,  638,  639, 640 
Mill,  buhr-stone,  108 
chaser,  110 

Sebble,  109 
wift,  new  B,  105 
MUls,  drug,  106-111 
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Mindererus,  spirit  of,  231 
MifieraJ,  Kermes,  580 

wax,  679 
Minim  burner,  double,  84 

imperial,  128 

pipettes,  44 
Squibb's,  44 
Mirbane,  essence  (oil)  of,  687 
Mistura  amyg^aln,  323 

asafoBtidffi,  323 

chloroform!,  323 

cretsB,  338 

ferri  composita,  338 

glycyrrhizn  composita,  338 

potassii  citratis,  232,  498 

rhei  et  sodse,  338 
Mitchell's  urethral  bougie  mould,  446 
Mitscherlich  condenser,  179 
Mixer  and  sifter,  Jones',  112 
Mixture,  brown,  338,  339 

chalk,  338 

compound  glycyrrhiza,  338,  339 
iron,  388 

Griffith's,  338 

neutral,  ^ 

rhubarb  and  soda,  338, 889 
Mixtures,  326 

freezing^l23 

official.  838 
Moderate  neat,  99 
Molasses,  688 

sugarhouse,  638 
Monobromated  camphor.  708* 
Monoclinio  s;^stem,  the,  197 
Monosaccharides,  635 
Monsel's  solution,  22,  230,  563 
Moore's  test,  636 
Morphine,  736 

acetate,  737 

compound,  powder,  405,  406 

hydrochloride,  737 

sulphate,  738 

tartrate,  738 

unofficial  salts,  738 
Morrhuine.  669 
Mortar  ana  pestle,  Wedgewood,  113 

powder,  porcelain,  395 
Moss'  mechanical  stirrer,  170 
MotheMiquor,  199 
Mould  for  compressed  tablets,  384 

gelatin  bougies,  445 

lozenge,  376 

starter,  444 

suppository,  Archibald,  443 
Maris',  440 

tablet  triturates,  391,  393 

urethral  bougie,  Mitchell's,  446 
Mucilage  of  acacia,  252 

of  elm,  253 

of  sassafras  pith,  252 

of  tragacanti),  252 
Mhcilages^  252,  634 

definition,  201 
Mulls,  plaster,  434 

salve,  434 
Murexide  reaction,  727 

tetramethyl,  728 
Murexoin,  728 
Muscovado  sugar,  638 
Musk,  tincture,  267,  268 
Mustard,  volatile  oil  of,  603 
Mycose,  638 


I  Myrcene,  680 
Myricyl  alcohol,  664 

paJmitate,  6/3 
Mjrristic  acid,  664 
Myristica,  oil  of,  694 
Myristicin,  604 
Myristicol,  604 
Myristinic  aoid,  604 ' 
Myrosin,  003 
Myrrh,  tincture,  267,  269 

VAME,  official,  English,  19, 21 
1>        lAtin,  19,  20 
Naphthalene,  e20 
Naphthalenesulphonic  acid,  627 
Naphthalin,  620 
Naphthalol,  627 
Naphthol,  627 

benzoate,  627 

salicylate,  627 
Naphthosalol.  627 
Narcotine,  740 
Nasal  bougies,  437 
Natural  products  used  in  pharmacy^ 

classification,  201 
Neosaccharin,  628 
Neurodin,  649 
Neutral  mixture.  232,  498 

principles,  785 
NihO  album,  600 
Nitrobenzene,  620,  687 
Nitroglycerin,  spirit  of,  262,  677 
Non-dryinff  oils,  203. 
Normal  salts,  474 

solution.  127 
Number,  iodine,  Huebl's,  686 

KcBttstorfer,  665 
Numbering  machine  for  prescriptions^ 

458 
Nursing  a  cystal,  200 
Nut-gaU,  ointment,  418 

tincture,  265^^ 
Nutmeg,  oil  of,  694 

expressed,  694 
fatty,  694 
Nux  vomica,  assay,  773 

extract,  296,299,303 
assay,  774 

fluidextract,  284,  286,  280 
assay,  775 

tincture,  266,  268,  273 
assay,  776 


0 


AK  BARK,  fluidextract,  290 
tannin,  718 
Official  acetic  acid,  610,  611 
ether,  647 
alcohol.  643 
alkaloioal  salts,  724 
alkaloids,  724 
definition,  19,  22 
description,  19,  24 
cerates,  422 
collodions,  313 
elixirs,  257 
emulsions,  323 
ether,  647 
extracts,  297, 298 
fluidextracts.  286 
glycerites,  2SI 

granular  efi'ervescent  salts,  409 
liniments,  424 
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Official  lozenffes,  878 
mixture,  338 
masses,  368 
maoilages,  252 
name,  flnglish,  19,  21 

Latin,  19.  20 
ointments,  415, 418 
oleates^  428 
oleoresms,  309 
piUs,  363 
plasters,  435 
powders,  405 
purified  cotton,  606 
resins,  310 
soai>8,  675 
spirits,  257 
syrups.  242 
tor,  616 
tinctures^  265 
volatile  oils,  685 
waters,  224 
Oil  of  allspice,  696 
almond,  208 

expressed,  667 
of  anise,  685 
apple,  720 
baths,  88 
of  betola,  686 
of  bitter  almond,  686 
of  black  pepper,  310 
of cade, 687 
of  cajuput,  687 
camphor,  698,  700 
of  caraway,  688 
carron,  425 
of  cassia,  689 
castor,  208,  667,  668 
of  cedarwood,  697 
of  chenopodium,  689 
of  cinnamon,  689 
of  cloves,  689 
codliver.  207,  669 

emulsion.  323 

with  nypophosphites,  323 
of  copaiba,  690 
of  coriander,  690 
croton,  209,  670 

vesicant  principle  of,  670 
cottonseed,  209,  670 
ofcubeb,  690 
emulsions,  316 
of  erigeron,  690 
ethereal,  &18 
of  eucalyptus,  691 
of  fennel,  691 
filter,  Warner's,  149 
fusel,  642 
of  gaultheria,  691 
of  geranium ,  696 
of  guaiac  wood,  696 
of  gurjun  balsam,  697 
heavy,  621 
of  hedeoma,  692 
of  juniper,  692 

empyreumatlc,  687 
lard,  206,671 
of  lavender  flowers,  692 
of  lemon,  692 
linseed,  209,  671 
of  mace,  694 
of  mirbane,  687 
of  mustard,  volatile,  693 


Oil  of  myristica,  694 
of  nutmeg,  694 

expressed,  694 

fatV)  694 
olive,  209,  672 
of  orange  peel,  694 
of  palmarosa,  696 
of  peppermint,  696 
ofpimenta,  69d 
of  rose,  696 
of  rosemary,  697 
ofsantal,  697 
of  savin,  698 
of  spearmintj^8 
of  sassafras,  697 

artificial,  697 
sugar,  anise.  407 

fennel,  407 

lemon,  407 

peppermint,  407 
sugars,  407 
of  sweet  birch,  686 
oftar,  616,  698 
terpeneless,  680 
of  theobroma,  209,  672 
of  thyme,  698 
Turkish-red,  668 
of  turpentine,  699 

American,  680 

emulsion,  323 

French,  680 

rectified,  699 

Russian,  680 

Swedish,  680 
of  wine,  heavy,  648 
of  winterg^een,  artificial,  702 

synthetic,  702 
of  wormseed,  689 
Oils,  drying,  203 

distinction  f^om  non-drying  oils, 
205 
fixed,  adulteration,  205 

bleaching  of,  205 

description,  203 

expression,  203 

extraction,  205 

steam  press  for,  204 
infused,  426 
non-drying,  203 
volatile,  adulteration,  212 

classificationj219 

description^  209 

determination  of  alcohols,  682 
aldehydes,  683 
esters,  682 

Shenols,  684 
lation,  211-217 
examination  of,  681 
expression  of,  218 
extraction  by  maceration  with 
fats,  218 
by  solvents,  218 
hand-pressed,  218 
official,  685 
Ointment,  415 
basilicon,  422 
belladonna,  418 
blue,  419 
boric  acid,  418 
carbolic  acid,  419 
casein,  414 
chrysarobin,  415 
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Ointment,  citrine,  421 

diachylon,  415 

Hebra's,  421 

iodine,  419 

iodoform,  419 

mercurial,  410 

ammoniated,  419 
mild,  420 

mercuric  nitrate,  421 

nutgall,  418 

paraffin,  413 

phenol,  419 

potassium  iodide,  419 

red  mercuric  oxide,  419 

rose  water,  416 

simple,  416 

stramonium,  419 

sulphur,  419 

tannic  acid,  418 

tar,  416 

yeratrine,  419 

yellow  mercuric  oxide,  419 

zinc  oxide,  419 
stereate,  416 
Ointments,  412,  413 

of  oleates,  429 

official,  416,  418 

preparation  by  chemical  action,  420 
Dy  ftision,  416 
by  incorporation,  416 
methods  of,  414 

spread,  434 
Oleate,  atropine,  428 

cocaine,  428 

mercury,  428 

quinine,  428 

yeratrine,  428 

zinc,  powdered,  428 
Oleates,  ^ 

alkaloldal,  normal,  426,  427 

metallic,  normal,  426 

normal.  426 

official,  .428 

ointments,  429 
Oleic  acid,  664,  714 
Olein,  664 
Oleite,  414 
Oleoresin  of  aspidium,  309 

of  capsicum,  309 

of  cubeb,  300 

of  ging^er,  310 

oflupulin,  310 

of  male  fern,  309 

of  pepper,  310 
Oleoresina,  aspidil,309 

capsici,  309 

cuDebfB,  309 

filicis;  309 

lupulini,  309 

piperis,  309 

zinj^iberis,  309 
Oleoresins,  definitions,  202 

official,  309 
Oleosacchara,  407 
Oleosaccharum  anisi,  407 

fceniculi,  407 

limonis,  407 

menthffl  piperita,  407 
Oleum  adipis,  206 

anivgoalaB  expressum,  208 

betiiTlnum,  686 

fllicis  maris,  309 


Oleum  ffossypii  seminis,  209 

lini,  209 

morrhuce.  209 

muscoyiticum,  686 

nucistiejjB94 

oUyte,  209 

ricini,  208 

ru8ci,686 

theobromatis,  209 

tigUi,209 
Oliye  oil,  200, 672 
Opianic  acid,  733 
Opium,  assay,  776,  777 

deodorized,  tincture,  286, 268, 273 
assay.  780 

extract,  298,  299,  304 
assay,  779 

gum,  20i 

planter,  436 

tincture  266,  268, 273 
assay,  780 
camphorated,  237, 288 

yinegar,  280 

wine,  279 
Opodeldoc,  liquid,  425 

solid,  675 
Orange,  elixir  of,  257 

flowers,  syrup  of,  242, 247 
water,  22a 

stronger,  227 
'    peel,  oil  of,  694 

syrup  of.  242,  247 
Organic  acids.  708 
Orthometric  forms,  193 
Orthosulphamidebenzoic  acid,  628 
Orthotoluenesulphonic  acid,  628 
Otto's  acetometer,  612 
Ownership  of  prescriptions,  469 
Ox-gall,  purified,  297 
Ox^ic  acid,  716 
Oxylinolein,  671 
Ozokerite,  679 

PALMAROSA,  oil  of,  606 
Palmitic  acid,  664 
Palmitin,  664 
Pancreatic  diastase,  797 
Pancreatin,  796 
Paper,  parchment,  preparation,  607 

pulp,  168 
Para-amidophenetol,  625 
Parabio,  634 
Paraffin,  678 

-batns,  88 

hard,  678,  679 

liquid,  678 

ointment,  413 

soft,  678 
Paraldehyde,  665 
Paraphenetidin,  625 
Parasaccharic  acid,  788 
Parchment  paper,  preparation,  607 
Pareira,  fluidextract,  284, 286 
PariHln,  792 
Parodyne,  626 
Pastes,  dermatologic,  423 
Patch's  gelatin-coater,  355 

steam  boiler,  87 
Patent  lint,  607 
Pearl  coating,  pills,  361 
Pearls  of  ether,  apiol,  etc.,  860 
Peat  sugar,  643 
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Pebble  mUl,  109 

Pectase,  685 

Pectin,  685 

Pectose,  635 

Pectosic  acid,  635 

PercentaRes,  a<yiistment  of,  70 

roles  for,  73 

solntioDS,  125 

rule  for  preparing,  125  * 
Perfection  sappository  machine,  443 
Pelletierine,  7^ 

tannate,  738 
Pentoses,  635 
Pepper,  oleoresin,  309,  310 
Peppermint,  essence  of,  261 

oU  of,  605 

wat6r,226 
Pepsin,  798 

saccharated,  801 
Pepsinogen,  799 
Peptone,  798,  800 
Percolate,  ISO 

Percolating  stand,  Beck's,  148 
Percolation,  ISO 

continuous,  145 

control  of  the  rate  of  flow,  141 

development  of  process,  180 

management  of  process,  138 

principle  of,  131 

test  for  exhaustion  of  drug,  142 
Percolator,  copper,  135 

Dursse,  135 

glass,  for  volatile  menstrua,  134 
ordinary,  133 

Oldberg,  134 

pressure,  Count  Real,  137 

tin.  covered,  133 

well-tube,  Squibb's,  136 
Percolators,  aifferent  styles,  131 

pressure,  137 
Peronin,  737 
Persian  balsam,  271 
Peruresinotannol,  707 
Petrolatum,  678 

liquid,  678 

white,  678 
Petroleum,  American,  678 

benzin,  679 

purified,  679 

products.  678 
Pharmaceutical  chemistry,  461 

incompatibility,  326 

still.  Beck's,  186 
Pharmacopoeia,  I}nited  States,  18 

committee  of  revision   of, 

18,19 
plan  and  arrangement,  19 
Pharmacopoeias,  17 

foreign,  17 

history  of,  17 
Pharmacy,  practical,  228 
Phellandrene,  680,  691,  693,  696,  697,  700 
Phenacetin,  925 
Phenazone,  626 
Phenol,  620 

glycerite  of,  266 

liquefactum.  628 ' 

liquefied,  628 

methlpropyl,  704 

natural,  621 

poisoning,  623 

synthetic,  621 


Phenol,  valuation  of,  622 

Phenols,  determination  in  volatile  oQb^ 

684 
Phenyl  salicylate,  716 

urethane,  6^ 
Phenylacetannide,  626 
Phenylamine,  620 
Phenyldimethylpyrazolon,  626 
Phenylethvl  alcohol,  696 
Phenylhyorazine,  62K) 
Philosopner's  wool,  600 
Phosote,  617 
Phosphorus,  472 
pills,  364,  867 
Physiological  salt  solution,  127 
Physostigma,  assay,  780,  781 
extract,  297.  298,  299,  806 

assay,  781 
tincture,  266,  268,  274 
assay,  782 
Physostigmine  salicylate,  789 

sulphate,  739 
Phytolacca,  fluidextract,  284,  286 
Phytoeterin,  664 
Pill,  blue,  869 
coating,  862 
cutter,  oiamond,  350 

Livingston,  849 
dusting,  851 
finisher,  861 
machine,  350 

Cooper.  861 
mass,  division  of,  349 
masses,  formation  of,  340 

machines  for  mixing,  843 
mortars,  342 
roller,  849 
tile,  349 
Pills,  340 

of  aloes,  868 

and  iron,  868,  864 
and  mastic,  863,  865 
and  myrrh,  863 
asafetida.  368 
Blancard^s,  866 
Bland's,  866 
compound  cathartic,  363, 365 

laxative,  364 
continuous  gelatin-coating,  868 
excipients,  843 
ferrous  carbonate,  864, 865 

iodide,  864,  m 
ferruginous,  864 
gelatm  coaung,  354 
gilding,  862 
Keratin-coating,  881 

Dunning's  method,  862 
keratinized.  861 
Lady  Webster  dinner,  866 
laxative,  compound,  364 
official,  863 
of  opium,  364 
pearl-coating,  361 
phosphorus,  364,  367 
podophyllum,  belladonna  and  cap* 

sicum,  364 
rhubarb,  compound,  364,  868 
salol-coating,  362 
silvering,  352 
sugar-coating,  353 

machine,  352 
pan,  354 
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Pills,  tolu-coatinff,  361 

ve^table  catnartic,  363,  366 
Pilocarpine,  740 

hydrochloride,  740 

nitrate,  740 
Pilocarpus,  assay,  782,  783 

fluideztract,  284,  286,  289 
assay,  7S3 
Pilulas  aloes,  363 

et  ferri,  363 

et  mastiches,  363 

et  myrrhsB,  363 

asafcBtidsB,  363 

catharticae  compositsB,  363 
vegetabiles,  363 

ferri  carbonatis,  364 
iodidi,  364 

laxativffi  compositse,  364 

opii,  364 

pnosphori.  364 

X>odophylli,  belladonnsB  et  capsici, 
364 

rhei  composite,  364 
Pilular  extracts,  299 
Pimenta,  oil  of,  606 
Pinene,  680,  687,  690,  681,  692,  603,  694, 

697,699,700 
Piperoid,310 
Pipettes,  cubic  centimeter,  44 

Curtman's,  44 

minim,  44 

Squibb's  44 
Pitch,  bla<:k,  616 

liquid,  616 
Pix  liquida,  616 
Plain  filter,  149 

manner  of  folding,  160. 
Plaited  filter,  151 

construction,  151 
Plan  and  arrangement  of  the  United 

States  Pharmacopoeia,  19 
Plasma,  413 

glycerini,  413 
Plaster,  adhesive,  435 

belladonna.  436 

capsicum,  435 

lead,  435,  436,  592 

mercurial,  435 

mulls,  434 

opium,  435 

roller,  433 

soap,  435 
Plasters,  430 

breast,  433 

fly,4£3 

mammanr,  433 

official,  435 

pourous,  434 

rubber  base,  430 

spreading,  432 
Plasticity,  340 
Plate-stove,  electric,  79 
Plumbi  acetas,  592 

iodidum,  592 

nit r as,  592 

oxidum,  592 
Plummet,  glass  or  metal,  for  finding 

specific  gravity,  54 
Podophylliiij  312 
Podophyllimc  acid,  707 
Podophyllotoxin,  707 
Podophyllum,  fluidextract,  284,  286 


Podophyllum,  resin.  310, 311 
Point,  boiling,  definition,  91 
determination,  91 

melting,  91 

determination,  94 
Polygalic  acid,  792 
Polymorphous,  193 
Polysaccnarides,  637 
PolyHolve,  414,  6G8 
Polyterpenes,  680 
Pomegranate,  fluidextract,  284, 286 
Porceuun  powder-mortar,  395 
Porcupine  gelatin-coater,  365 
Porphyrization,  114 
Portable  filter  pump,  166 
Potash  caustic,  494 

red  prussiate,  494 

yellow  prussiate,  494 
Potassa,  494 

by  alcohol,  494 

by  buryta,  494 

by  lime,  ^ 

chlorinated,  solution,  516 
Potassii  acetas,  487 

bicarbonas,  487 

bitartras,  487 

bromidum.487 

carbonas,  487 

chloras,  487 

citras,487 

effervescens,  410, 487 

cyanidum,  487 

dichromas,  487 

et  sodii  tartras,  487 

ferrocyanidumjj4S7 

hydroxidum,  487 

hypophosphitum,  487 

iooidum .  487 

nitras,  487 

permanganas,  487 

sulphas,  487 
Potassium  acetate,  487 

alum,  643 

and  sodium  tartrate,  493 

arsenite  solution,  231,  681, 666 

benzenesulphonate,  622 

benzoate,  ^ 

bicarbonate,  487 

bichromate,  493 

bitartrate,  ^ 

borotartrate,  489 

bromide,  489 

carbonate.  490 

chlorate,  491 
troches,  378 

chloride.  500 

citrate,  491 

effervescent,  409,  410, 402 
solution,  487,  496 

cyanide,  492 

dichromate,  487,  493 

ferricyanide,  494 

ferrocyanide,  494 

hydrate,  494 

hydroxide,  494 

solution,  231,  487, 488 

hypophosphite,  495 

iodate,  496 

iodide,  496 

manganate2497 

myronate,  o93 

nitrate,  496 
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PotasBiiim,  permanganate,  486 

phenol,  622 

salicvlate,  600 

snlpnate,  497 

sulphite,  600 

tartrate,  600 
Poultice,  kaolin,  423 
Powder  of  algaroth,  682 

aromatic,  406 

comi>oand  acetAnilide,  406 
chalk,  406 
licorice,  406,  406 

divider,  Diamond,  396 
Michael's,  897 

Dover's,  406,  406 

effervescing,  compound,  406 

Goa,  787 

ipecac  and  opium,  406,  406 

Jalap,  compound,  406 

mortar,  i>orcelain,  396 

Seidlitz,  4ffS 

TuUy's,  406,  406 
Powdered  camphor,  116 

extracts,  294 
Powders,  396 

in  capsules,  399 

official,  406 

degrees  of  fineness.  Ill 
Practical  pharmacy,  223 
Precipitant,  114 
Precipitate,  114 

red,  679 
Precipitated  chalk,  630 

manganese  dioxide,  670 
Precipitation,  114 
Precipit^  blanc.  676 
Prentiss  alcohol-reclaimer,  182 
Prepared  chalk,  631 
Prescription,  the,  448 

balance.  36 
torsion,  38  . 

book,  460 

box  scales,  36 
Prescriptions,  analysis  of,  453 

checking  of,  460 

list  of  abbreviations  used  in,  466 

numbering  machine  for,  458 

ownership  of,  459 

repetition  of,  460 

typical,  450 
Press,  enterprise,  163 

tincture,  163 
Pricking  basin,  218 
Primarv  emulsion,  317 
Prismatic  crystals,  193 
Procter's  lozenge  board,  373 
Products,  animal,  used  in  pharmacy, 

793 
Propane.  664 
Propenyl  alcohol,  664 
Proteolysis.  796 
Pruasian  Blue.  547 
Ptomaines,  721 
Ptyalin,  795 
Ptuegone,  692 
Pulp,  paper,  158 
Pulverization^  116 
Pulvis  acetanilidi  compositus,  405 

cretae  compositus,  405 

effervescens  compositus,  406 

glycyrrhizsB  compositus,  405,  406 

rpecacuanhsB  et  opii,  405,  406 


Pulvis  jalap»  compositus,  406 
morphmsd  compositus,  406,  406 

gurgans,  406 
led  aloes,  296 

ox-gall,  297 
Purity  rubric,  19,  24 
Putrefaction,  641 
Pycnometers,  60, 52 

Pyrazolonum  phenyldimethylicum,  626 
Pyrethrum,  tincture,  266,  260 
Pyridine,  721 
Pyroacetic  ether,  613 
PyrocatechiUj  610 
Pyrogallic  acid,  713 
Pyrogallol,  713 
Pyrougneous  acid,  610 
crude,  610 
rectified,  610 
Pyrolusite,  671 
I^ometer,  Brogniart's,  96 

Wedgewootrs,  98 
Pyroxylic  spirit,  615 
Pyroxylin.  608 
Pyrrol,  668 

QUADRATIC  system,  the,  194 
Quassia,  extract,  298,  299,  306 
fluidextract,  284,  286 
tincture,  266,  269,  274 
Quercus,  fluidextract,  284, 286,  290 
QuiUaja,  fluidextract,  284,  286,  290 
tincture,  267,  250,  274 
illajasapotoxin,  792 
,  iUa^ic  acid,  792 
luinidine  sulphate,  760 
tuinine.  741 

bisulphate,  742 
hydrobromide,  742 
hydrochloride,  742 
salicylate,  743 
sulphate,  743 
tannate,  745 
valerate,  745 
Quinoline,  721 

RADIAL  burner,  Fletcher,  84 
Rancidification,  665 
Rancidity,  666 

defimtion,  203 
Rapid  solution,  effect  of,  123 
Reaction,  BomtrsBger's,  786 

chol^tol,  Liebermann's,  674 

murexide,  727 
Reaffent,  Dragendorff's,  723 

Marme's,723 

Mayer's,  723 

Scheibler's,  723 

Schweitzer's,  607 

Sonnenschein's,  723 

Wagner's,  723 
Reaumur  thermometer,  97 
Receiving  jar,  glass,  graduated,  141, 142 
Rectal  suppositories,  436 
Red  mercuric  iodide,  573,  679 
oxide.  573,  579 

precipitate,  22,  579 
Reduced  iron,  547,  548 
Reduction,  116 
Refined  sugar,  638 
Reflux  condenser,  177 
Re^lar  system,  tne,  194 
Reichert's  thermostat,  86 
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Hemingfton  still,  182 
Rennin,  798 
Bepercolation,  143 
Repetition  of  prescriptions,  460 
Resin,  croton,  670 

of  jalap,  310,311 
adulteration,  311 

of  podophyllum,  310.  311 

of  scammony,  310,  312 
Resina,  310 

jalapse,  310 

podophylli,  310 

scammonii,  310 
Resinol,  707 
Resinotannols,  707 
Resins.  310, 706 

definition,  301 

official,  310 
Resorcin,  ra4 
Resorcinol,  624 
Rhatany,  extract,  302 

syrup  of,  243,  249 
Rhombic  system,  the,  196 
Rhombohedral  system,  the,  196 
Rhubarb  and  soda  mixture,  338,839 

aromatic  (spiced)  syrup  of,  244,  260 

extract,  297,  298,  299, 306 

fluidextract,  284,  286 

pills,  compound,  364,  368 

I>owaer,  compound,  405,  406 

syrup,  244,  245,  250 

aromatic,  244,  245,  250 

tincture,  266,  269 

aromatic,  266,  269 
Rhus  glabra,  fluidextract,  284,  286 
Rice  flour  cachets,  402 
Rice's  lysimeter,  122 

still,  184, 186 
Richara's  filter  pump,  166 
Ricin.  668 
Ricinine.  669 
Ricinolein,  667 
Ring,  straw,  170 
Rochelle  salt,  493 
Roller,  piU,  349 

plaster,  433 
Roman  chamomile,  22 
Rose,  fluidextract,  284,  286 

honey,  253 

oil  of;  697 

syrup,  244,  245,  250 

water,  225 

ointment,  415 
stronger,  227 
Rosemary,  oil  of,  697 
Rosin,  310 

cerate,  422 

compound,  422 
Rousseau's  aensimeter,  65 
Rubric,  -purity,  19,  24 
Rubus,  fluidextract,  284,  286,  290 

syrup  of.  244, 250 
Rule  for  finding  specific  gravity,  49 
Rules  for  ac^ustment  of  percentages,  73 

for    conversion    of    thermometric 

for     finding    specific    gravity    by 
Baum^'s  hydrometer,  69 

O  ABADILLINE,  748 

>0    Sabadine,  748 
Sabadinine,  748 


Sabinene,  680 

Sabinol,  681.  608 

Saccharateo  ferrous  carbonate,  547, 651 

Saccharin,  627 

soluble,  628 
Saccharine  fermentation,  641 
Saccharum,  638 

lactis,^ 
Safety  burner,  84 
Acme,  82 

^iube,  175 
Safrol,  681,  697.  698,  700,  703 
Saint  Victor's  balsam,  271 
Sol  prunelle.  496 

Seignetti,  493 
Salicin,  788 
Salicyl  alcohol.  788 

aldehyde.  788 
SaUcyUc  acid,  716 
Saliformin,  657 


Saligenin,  788 
Salinaphthol,  627 
Saline-baths,  88 
Saliphen,  716 
Salipyrine,  627,  716 
Salol,  22.  716. 

coating,  pills,  862 
Salophen,7l6 
Salt,  Epeom,  541 

Everitt's,  711 

Glauber's,  512 

RocheUe,  498 

Schlippe^s  683 

solution,  normal,  127 
physiological,  127 
Salts,  acid,  474 

granular  eflfervescent,  406 
official,  409 

normal,  474 
Salve,  Deshler's,  423 

mulls,  434 
Sand-bath.  87,  88 
Sanguinaria,  fluidextract,  285,  286, 289 

tincture,  266,  268,  274 
Santal,  oU  of,  697 
Santalene,  680 
Santalol,  <i^697 
Santonin,  788 
Sai>o,676 

animalis,  675 

kalinus,  676 

mollis,  676 
Sapocresol,  624 
Saponification.  674 

value  of  fats  and  oils,  666 
Saponins.  789 
Sarsaparilla,  compound  qyrup  of,  944, 

fluidextract,  284,  286 

comi>ound,  284,  287 
syrup,  compound,  244, 245, 260 
Sarsasaponin,  7i92 
Sassafirafl,  oil  of.  697 
artificial,  697 
pith,  mucilage  of,  252 
Saturated  solutions^  123 

table,  showing  increase  of  vol- 
ume. 126 
Saturates,  tablet,  394 
Saturations,  387 
Savin,  fluidextract,  284,  287 
oil  of,  698 
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Scale  extract82294 
Scammonin,  707 
Schaefer's  test,  744 
Scheele's  hydrocyanic  acid,  712 

test,  712 
Scheibler's  reagent,  723 
Schllppe's  salt,  688 
Schweitzer's  reagent,  607 
Scopola,  assay,  755,  76G 

extract,  m,  288,  209,  806 
assay,  7o6 

flnideztract,  284,  287,  290 
assay,  750 
Scopolamine,  735 

hydrobromide,  735,  745 
Screw  compressor,  Hoffmann's,  86 
Scutellaria,  fluidextract,  284,  287 
Seed  emulsions,  316 
See's  suppository  mould,  441 
Seidlitz  powder,  405 
Senega,  fluidextract,  284,  287, 290 

syrup,  244,  245,  251 
Senegin,  792 
Senna,  compound  infusion  of,  237 

fluidextract,  284,  287,  290 

infusion,  compound,  237 

syrup,  244,  246,  251 
Separator,  centrifugal,  134 

glass,  158 
Serpentaria,  fluidextract,  284,  287 

tincture,  266, 269 
Serum,  antidiphtheric,  793 
Sesquiterpenes,  680 
Seyum  pr separatum, '207 
Shaker,  mechanical,  574 
Shells,  suppository,  446,  447 
Sieve-cloth,  size  of  mesh,  111 
Sieves,  official  sizes,  HI 
Sifter  and  mixer,  lightning,  112 
Sifting,  110 

machine.  Harris'.  Ill 
Silver  cyanide.  502.  603 

nitrate,  602,  604 
diluted,  604 
mitigated,  602,  604 
moulded,  602,  606 

oxide.  592,  606 
Simple  elixir,  257 

ointment,  416 

solution,  118 
Sinapine  sulphate,  604 
Sinigrin,  693 
Siphons,  160, 161 
Smedley  compressor,  384 
Smiloeaponin,  792 
Soap,  676 

animal,  675 

curd,  676 

green,  676 

tincture,  425 

hard,  675 

marine,  674 

plaster,  436 

soft,  675 

white  castile,  676 
Soapbark,  tincture,  274 
Soaps,  medicated,  675 

official,  676 

superfatted,  675 
Soda,  caustic,  507 

chlorinated,  solution,  232, 601,  616 

by  lime,  607 


Soda,  tartarata.  493 
Sodii  acetas,  501 
arsenas,  501 

exsiccatus,  601 
benzoas,  501 
bicarbonas.  501 
bisulphis.  501 
boras.  501 
bromidum,  601 
carbonas  monohydratus,  601 
chloras,  501 
chloridum,  601 
hydroxidum,  501 
hypophosphis,  501 
icKUdum.  501 
nitras,  601 
nitris,  601 

phenolsulphonas,  601 
phosphas,  501 

effervescens,  410,  601 
,  exsiccatus,  501 

P3rrophosphas,  501 
salicylas,  501 
sulphas,  601 
sulphis,  601 
thiosulphas,  601 
Sodium  acetate,  601 
arsenate,  601,  502 

exsiccated,  601, 602 

solution,  232,  587 
benzenemetadisulphonate,  624 
benzoate,  601,  603 
biborate,  606 
bicarbonate,  601,  603 

troches,  379 
bisulphite,  501,604 
borate,  506 
bromide,  501,  506 

carbonate,  monohydrated,  601,  60ft 
chlorate,  501,  606 
chloride,  601,  606 
chloroaurate,  603 
citrate,  601,  607 

citro-tartrate,  effervescent,  516 
ethylate,616 
ethylsulphate,  616 
eugenol,  701 
glycerophosphate,  616 
hydroxide,  501,  507 

solution,  231,  501, 614 
hypophosphite,  503 
hyposulphite,  514 
io<fide.  601,  608 
naphtnalenesulphonate,  627 
napthol,  627 
nitrate,  601,  609 
nitrite,  501,  609 
paraphenolsulphonate,  510 
phenol,  621 

phenolsulphonate,  501,  610 
phosphate,  501,  610 

compound  solution  of,  232 

effervescent,  410,  601, 511 
pyroarsenate^  602 
pyroborate,  605 
pyrophosphate,  501,  611 
resorcin,  624 
salicylate,  601,  612 
sulphate,  601,  512 

dried,  612 

effervescent,  513 
sulphite,  501,  513 
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Sodium  snlphocarbolate,  610 
sulphovinatei  616 
tartrate,  617 
tetraborate,  606 
thiosulphate,  601,  513 
thymol,  704 
valerianate,  617 
Soft  extracts,  2S^ 
soapj  676 

liniment,  425 
Solid  opodeldoc,  676 
Solubility  of  cane-sugar  in  mixtures  of 
alcohol  and  water,  239 
definition,  120 
determination  of,  121 
different  de^ees  of,  120 
Soluble  saccharin,  628 
Solution,  118 

aluminum  acetate,  646 

ammonia  626 

ammonium  acetate,  231,  628 

antiseptic,  230 

arsenous  acid,  230,  681,  686 

and  mecuric  iodide,  230,  681, 686 
balance,  Troemner,  37 
Barfoed's,  637 
boroglyceride,  264 
caustic,  626 
chemical,  118 
chlorinated  potassa,  616 

soda,  232,  616 
chlorine,  compound,  231,  466 
by  circulatory  displacement,  120 
complex,  118 

cresol,  compound,  231,  624 
Donovan's,  230,  686 
Fehling's,  636 
ferric  chloride,  231,  631 

subsulphate,  231,  518, 662 

sulphate.  231^648,  662 
formaldehyde,  230 
Fowler's,  232,  686 
hydrogen,  dioxide,  225,  463 

assay  of,  465 

manufacture  of,  464 
increase  in  volume,  125 
iodine,  compound,  230,  470 
iron  albuminate,  668 

and  ammonium  acetate,  231,  663 
Koppeschaar's,  622 
Labarraque's,  282^  515 
lead  subacetate,  232, 592,  696 

diluted,  231,  597 
lime,  230,  535 

saccharated,  536 
LugoPs.  230,  470 
Magenaie's,  738 
magnesium  citrate,  232,  541 
Mayer's,  699,  723 
mercuric  nitrate,  231,  573, 579 
methods  of  effecting,  119 
Monsel's,  231,  563 
Pearson's,  587 
potassium  arsenite,  232,  582,  586 

citrate,  232,  487,  498 

hydroxide,  231,487,  498 
rapid,  effect  of,  123 
salt,  normal,  127 

physiological,  127 
saturated, 123 
simple,  118 

cold  produced  by,  123 


Solution,  sodium  arsenate,  231, 582,  587 
citrophosphate,  1^ 
hydroxide,  231,  601,  514 
pnosphate,  compound,  232 

of  solids,  increase  in  volume,  125 

supersaturated,  124 

zinc  chloride,  232,  602,  fOl 
Solutions  of    arbitrary   strengths,  127^ 

chemical,  official,  231 

percentage,  126 

rules  for  preparing,  125 

saturate  dtl^ 

simple,  official,  230 

supersaturated,  124 

table  of,  125 
Solvents  used  in  pharmacy,  128 
Bolvine,  414 
Somnal,  666 

Somnenschein's  reagent,  723 
Somnoform,  660 
Sozoiodol.  663 
Sazoiodobc  acid,  653 
Sparteine,  722,  746 

sulphate,,  746 
Spearmint^essence  of,  261 

oil  of,  m 

water,  226 
Specific  gravity,  a^jostment  of,  70 

areometers,  57 

balance,  Westphal,  66 

beads,  Lovi's,  o6 

bottle,  50 

improved,  52 

definition  of,  47 

glass  or  metal  plummet  for  finding, 
64 

Qrauer's  method  for  determiniisg, 
64 

heavier  than  water,  67 

hydrometers,  57,  58 

instruments  for  very  small  quanti- 
ties of  liquids,  66 

lighter  than  water,  68 

of  liquids,  49 

loaded  cylinder  for  finding,  54 

methods  of  finding,  67 

in  powder  form,  69 

proper  form  of  stating,  48 

rule  for  finding,  49 

Baume^s  hydrometer,  60 

of  solids,  65 

soluble  in  water,  68 

standards  of  temperature  for,  4S 

of  water  at  different  temperatures, 
51 

volume,  69 
Spermaceti,  207,  672,  686 
Spherical  condenser,  178 
Spigelia,  fluidextract,  284,  287 
Spirit,  ammonia,  260,  622,  527 
aromatic,  260,  522,  527 

anise,  260 

bitter  almond,  260 

camphor,  260 

chloroform,  261 

cinnamon,  261 

cologne.  644 

Ck)lumbtan,  615 

ether,  260,  647 

compound,  260, 647 

gaulthena,  261 

glonoin,  2S2 
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Spirit,  glyceryl  trinitarate,  281,  262, 677 
hartsnorn,  626 
hydrometers,  64 
juniper,  261 

compound,  261 
lamp,  nickel  plated,  90 
lavender,  261 
methylated,  615 
MindereruB,  231, 528 
nitre,  sweet,  260 
nitroglycerin,  262,  677 
nitrous  ether,  260,  667 
orange  compound,  260 
peppermint,  261 
proof,  645 
pyroacetic,  613 
pyroxylic,  615 
spearmint,  261 
oftrionitrin,  262 
Spirits,  260 

official,  290 
Spiritus,  fetheris,  260 

compositus,  260 

nitrosi,  260 
ammonisB,  260,  261 

aromaticus,  260,  262 
amygdalse  amarse  260 
anisi,  260 

aurantii  compositus,  260 
camphorsB,  WO 
chloroformi,  260 
cinnamomi,  261 
frumenti  261.  262 
gaultherisB,  261 

J^lycerylis  trinitratis,  261,  262, 677 
nniperi,  261 

compositus,  261 

lavandul».  261 

menthsB  piperits,  261 
yirid&,  261 

vini  gallici,  261,  262 
Spread  ointments,  434 
Squibb*s  improyed  specific  gravity  bot- 
tles, 52 

pipettes,  44 

upright  condenser,  17G 

urinometer,  65 
Squill,  fiuideztract,  285,  237,  289 

syrup,  244,  245,  250 

compound,  244,  245,  251 

tincture,  266,  268 

vine^r,  280 
Squire's  infusion  i>ot,  235 
Stand,  percolating.  Beck's,  143 
Standardized  extracts,  294 

fluidextracts,  281 
Starch,  630 

corn,  633 

glycerite  of,  254 

official,  633 
Starter,  mould.  444 
Stavesacre,  fiuidextract,  284,  287 
Steam  boiler.  Patch's.  87 

power  tablet  machine,  388 
Steapsin,  798 
Stearic  acid,  664,  716 
Stearin,  664 
Steatins,  434 
Steatinum  hydrargyri,  431 

zinci  salicylatum,  434 
Stibium  sulphuratum  aurantiacum,  683 
Still,  automatic,  Anderson,  184 


Still,  copper,  185 

Sharmaceutical,  Beck's,  180 
.emington,  182 

Rice's,  184, 186 

water,  Curran's,  228 
StiUingia,  fiuidextract,  284,  287,  291 
Stills,  automatic,  184 

vacuum,  187 
Stockman's  test,  730 
Storesinol,  707 
Stove,  gas.  Jewel,  85 
Strainer,  flannel.  147 
Straining  bag,  148 
Stramonium,  assay,  755,  766 

extract,  297,  298,  299,306 
assay,  766 

fiuidextract,  284,  287,  291 
assay,  7o0 

tincture,  266,  268,  274 
assay  ^760 
Straw  ring,  IyO 
Strontii  bromidum,  530 

iodidum,  530 

salicylas,  530 
Strontium  bromide,  530,  537 

iodide,  530,  537 

salicylate,  530,  638 
Strophanthidin,  789 
Strophanthin,  789 

Strophanthus.  tincture,  236,  268, 27& 
Strychnine,  746 

nitrate.  747 

sulphate,  747 
Styptic  collodion,  313,  314 
Styracol,  618 
Stvrene,  680 
Sublimation,  168, 190 
Sucrose,  638 
Suet,  207,  673 
Sugar  beet,  638 

cane,  638,  639 

coating  of  pills,  352 

fruit,  ^ 

inverted,  637 

of  lead,  694 

loaf,  638 

malt,  638,  640 

milk,  638,639,  640 

muscovaao,  638 

peat,  643 

raw,  638 

refined,  638 

wood,  635 
Sugars,  635 
Sulphaminol,  658 
Sulphocyanic  acid,  681 
Salpholeic  acid,  667 
Sulphonal.  614 
Sulphonetnylmethane,  614 
Sulphonmethane,  614 
Sulphoricinoleic  acid,  667,  66& 
Sulphur,  471 

golden,  583 

Iodide,  472 

precipitated,  472 

roll  or  stick,  471 

sublimed,  471 

washed,  471 
Sulphurated  antimony,  583 

lime,  530,  534 
Sumbul.  extract,  297,  298,  299 

fiuidextract,  284,  287 
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Bnmmary  of  incompatibilities,  335 
Superfatted  soaps,  675 
Supernatant  liquid,  115 
Supersaturated  solutions,  121 
Suppositories,  486 
alum,  438 
glycerin,  445 
nand-made,  489 
hydrated  chloral,  442 
iodoform,  442 

official  size  and  weiglit,  439 
rectal,  436 
tannic  acid,  438 

and  extract  of  belladonna, 
442 
trional.  441 

and  codeine,  441 
vaginal,  437 
Suppository  box,  447 

machine,  Freck's,  444 
Perfection,  443 
WhitaU's.  446 
mould,  Archibald's.  448 
Blackman's,  441 
Maris',  440 
See's,  441 
Wirz*s,  441 
shells,  446,  447 
Wellcome-shape,  436 
Suprarenal  glands,  desiccated,  794 
Swedish  balsam,  271 
Sweet  birch,  oU  of,  686 

orange  peel,  tincture,  267,  269,  270 
Swift  mill,  new  B,  105 
Sylvestrene,680 
Syntonin,  800 
Syrup  (simple),  242,  246 
acacia,  242, 246 
almond,  242,  246 
blackberry,  250 

calcium  lactophosphate,  242, 247, 536 
citric  acid.  242,  246 
Easton's,  248 

ferrous  iodide,  243,  248,  552 
ginger,  244,  251 
glucose,  637 
hydriodic  acid,  242.  246 
hjrpophosphites.  243.  248 

compound,  243,  248 
iodide  of  iron,  tasteless,  569 
ipecac,  243,  249 
iron  arsenate,  669 
citro-iodide,  569 
iodide,  tasteless,  669 
soluble  oxide,  509 
krameria,  243,  249 
lactucarium,  243,  249 
lime,  242,  247,  536 
orange,  242,  247 

flowers,  242,  247 
phosphates  iron,  quinine  and  strych- 
nine, 243,  248 
rhatany,  249 
rhubarb,  244,  250  ' 

aromatic  (special),  244,  260 
rose,  244,  250 
rubus,  244.  250 

sarsaparilla,  compound,  244, 250 
senega,  244,  251 
senna,  244.  251 
soluble  oxide  of  iron,  569 
squill,  244,  250 


Syrup,  squill,  compound,  244, 251 
tar,  243,  249 
tolu,  244,  251 
wild  cheny,  244,  249 
Syrups,  238 

flavoring,  245 
fruit.  241 
medicated,  245 
official,  242 

table  showing  the  methods  of 
preparation,  245 
preparation,  S9 ; 
preservation,  241 
Syrupus.  242.  246 
acacuB,  242,  246 
acidi  cltrici,  242,  246 

hydrlodici,  242,  246 
amygdalfls,  242,  246 
aurantil,  242.  247 

florum,  242,  247 
calcii  lactophosphatis,  242,  217, 536 
emulsivus,  246 
ferri  iodidi,  243,  248 

quininfe   et    stiychnimD  phos- 
phatum,  243,  248 
hypophosphitum,  243,  248 
ipecacuannsB,  243.  248 
kramerisB,  243, 249 
lactucarU.  243, 249 
picis  liquidad,  243,  249 
pruni  virginianae,  244, 249 
rhei,  244,  260 

aromaticus,  244,  250 
roses,  244,  250 
rubi,  244.  250 

sarsaparillse  compositns,  244,  250 
scUlsd,  244,  250 

compositus.  244,  251 
senegas,  244,  251 
sennsB,  244,  251 
tolutanus,  244. 251 
zingiberis,  244,  251 
System,  hexagonal,  196 

monoclinic  (monosymmetric,  din- 
orhombic,  or  oblique  prismatic), 
197 
quadratic    (dimetric,  square   pris- 
matic, or  tetragonu),  194 
regular  (cubic,  monometric,  octahe- 
dral, or  tessular),  194 
rhombic  ftrimetric  or  right  pris- 
matic,) 195 
rhombonedral,  196 
triclinic    (asymmetric,  cUnorhom- 
bohedral,  or  doubly  oblique  pris- 
matic), 197 
Table,  comparative,    of  apothecaries, 
avoirdupois  and  metric  weights^l 
and  metric  fluid  measures^ 
of  measures  of  capacity,  30 
of  length,  80 
of  weight,  30 
of  saturated  solutions,  showing  in- 
crease of  volume,  125 
showing  the  equivalents  of  metric 
weights  and  measures  in  cus- 
tomary weights  and  measures, 
31 
the  methods  of  preparation  of 

official  syrups,  245 
the  number  of  drops  to  a  fluid- 
drachm,  45 
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TTable  showinff  the  volume  of  1  i>oand 
of  different  liquids,  28 
the  weight  of  1    cubic  centi- 
meter of  distilled  water    at 
different  temperatures,  51 

of  solutions  of  arbitrary  strengths, 
127 
Tablet  compressor.  Freck,  885 

machine,  Eureka,  885 
steam,  888 

saturates,  894 

triturate  mould,  881,  398 

triturates,  889 

rubber  mould  for,  391 
TTablets,  compressed.  880 
mould  for,  884 

hypodermic,  894 
Tabnifur  crystals,  198 
Talc,  542 

purifled,542 
Talcum.  542 

purmcatuni.  542 
Tannic  acid,  717 

and  extract  of  belladonna,  sup- 
positories og  442 
glyoerjte  of,  2d8 
ointment,  418 
suppositories,  488 
Tannin,  alcohol,  717 

bougies,  488 

ether,  717 

oak,  718 

water.  717 
Tannon.  6i57 
Tannopin,  657 
Twmosal,  817 
Tar  and  its  derivatives,  616 

beech  wood,  616 

birch,  686 

official,  616 

oU  of,  616,  688 

ointment,  415 

syrup  of,  243,  249 
Taraxacum,  extract  of,  296,  806 

fluidextract,  284,287,  291 
Tartar,  cream  of,  488 

crude,  488 
Tartaric  acid,  715, 719 
Tartsirus,  boraxatus,  489 

natron atus,  493 
Tasteless  syrup  of  iron  iodide,  569 

tincture  of  iron,  669 
Tenaculum,  147, 148J 
Terebene,  703 
Terpeneless  oils,  680 
Terpenes.  680 
Terpineol,  681 
Terpinhy  urate,  708 
Test,  BGottger's,  636 

DeVrij^s,  744 

Gdnsburg's,  706 

Halph en's,  671 

Kerner's,  743 

Klunge's,  786 

Maclagan's,  730 

for  methyl  alcohol,  644 

Moore's,  638 

Schaefer'Sj744 

Scheele's,  712 
'Stockman's,  730 

Trommer's,  636 
Tetraiodopyrrol,  653 


Tetramethylmurexide,  728 
Tetramethylthiomine     hydrochloride, 

628 
Tetronal,  614 
Tetroses,  635 
Thalleioqtdn,  745 
Theine,  727 

Theobroma,  oil  of,  209,  672 
Theobromine,  727 
Theory  of  emulsiflcation^  315 
Therapeutic  incompatibility,  834 
Thermodin.  648 
Thermometer,  Fahrenheit,  97 

centigrade,  97 

R6aumur,  97 
Thermometers,  clinical,  examination, 
95 

Zincke's,  99 
Thermometric  values,  rules  for  conver- 
sion of,  97 
Thermostat.  Bunsen-Kemp,  86 

Beicheri's,  85 
Thiosinamine,  694 
Thioxydiphenylamine,  653 
Three  Samsons  of  Me<ucine,  the,  586 
Thi^ene,  680 
Thyme,  oil  of.  698 
Thymol,  681,  696,  704 

iodide.  704 
Thyroid  gliuids,  desiccated,  796 
Tiglio  acid,  664 
Tile,  pill,  349 
Tinotura,  aconiti,  265,  268,  269 

aloes.  267,  269,  270 

et  myrrhsB,  267,  269,  270 

amies.  237,  269, 270 

asafcetidsd,  267,  269,  270 

aurantii  amari,  265, 269,  270 
dulcis,  267,  269, 270 

belladonnae  folior.,  265,  268,  270 

benzoini,  267,  269 

composita,  267,  269,  271 

calendulsB,  265,  269 

oalumbsB,  265.  269 

cannabis  Indicse,  265,  268,  271 

cantharidis,  265,  268 

capsici,  265.269 

cardamomij  265^^269 
composita,  272 

clmiciftigfB,  265.  269 

cinchona,  265,  268,  271 
composita.  265,  269,  271 

cinnamomi,  265,  269 

colchici  seminis,  265,  268,  271 

digitalis,  266,  268 

ferri  chloridi,  266, 271,  548 

gallfe,  265,  269 

gambir  coxnposita,  267,  268,  272 

gelsemii,  266,  268 

gentiansB  composita,  265,  269 

guaiaci,  267.  269 

ammoniata,  267,  269 

hydrastis,  265.  268.  272 

hyoscyami,  265,  268,  272 

iodi,  266,  269, 272 

ipecacuanhse  et  opii,  266, 269,  272 

kino,  267,  268,  272 

krameriffi,  266,  289 

lactucarii,  266,  269,  273 

lavandulsB  composita,  267,  268 

limonis  corticis,  267,  269,  276 

lobelias,  266,  268 
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Tinctora,  moechi.  267,  268 
myTrhffiy  267,  269 
nucis  vomicsB,  266,  268,  273 
opU,  266, 268,  273 

camphorata,  267, 268 

deodorati,  266,  268,  273 
physostigmatis.  266,  268,  274 
pyrethri,  266,  269 
quassise,  266,  269,  274 
quillajs,  267,  269,  274 
rhei,  266,  269 

aromatica.  266.  260 
sangainarisB,  266,  268,  274 
saponis  viridis,  4z5 
Bcfllad,  267;  268 
serpentansB,  266,  269 
stramonii,  266, 268.  274 
strophanthi,  266,  268,  274 
tolutana,  267.  269 
valeriansB,  26iS,  269 

ammoniata,  266, 269 
vaniUiB,  266,  268,  275 
veratri,  266,  268.  276 
zingiberis,  266,  269 
Tincture   herbaruxn    recentinm,    267, 

269,276 
Tincture  of  aconite,  268,  269 

Fleming,  269 
aloes,  269,  270 

and  myrrh,  272, 276 
arnica,  260,  270 
asafetida,  268,  270 
belladonna  leaves,  268, 270 
benzoin,  269 

compound,  269,  272 
bitter  orange  peel,  269,  271 
calabar  bean,  268, 274 
calendula,  269 
calumba,  269 
cantharides,  268 
capsicum,  268 
cardamom,  269 

compound,  268 
cimiciftiga.  269 
cinchona,  268,271 

compound,  269,  271 
cinnamon,  269 
colchicum  seed,  268,  271 
digitalis,  268 

ferric  chloride,  269,  271,  564 
gambir  compound,  268,  272 
gelsemium,  268,  272 
gentian,  compound,  269 
ginger,  269 
green  soa^,  425 
g^uaiac,  2^ 

ammoniated,  269 
hydrastic,  268^5272 
hyoscyamus,  268,  272 
iodine,  268,  272 

Churchill's.  470 

decolorized,  470 
ipecac  and  opium,  269,  272 
iron  citrochloride,  569 

tasteless,  569 
kino,  268,  272 
krameria,  269 
lactucarium,  269,  273 
lavender,  compound,  268 
lemon  peel,  269,  273 
lobelia,  268 
musk,  268 


Tincture  of  myyrh,  2C9 

nutgall,  289 

nuz  vomica,  268,  273 

opium,  268,  273 

camphorated,  268 
deodorized,  268,  273 
•  physostigma,  268,  274 

press,  163 

pyrethrum.  269 

quassia,  269, 274 


quiUaja,  269.  274 
rhubarb,  269 


aromatic,  269 

sanguinaria,  268,  274 

serpentaria  269 

squill,  268 

stramonium,  268,  244 

strophanthus,  2^.  275 

sweet  orange  peel,  269,  270 

tolu,  269 

valerian,  269 

ammoniated,  269 

vanilla,  268.  275 

veratrum.  268,  276 
Tinctures,  263 

of  fresh  herbs,  276 

made  by  decoction,  287 
maceration,  267 
percolation,  265 
solution,  266 

official,  265.  268 
strength  of,  268 
Tolu-coating,  pills,  361 

syrup,  244.  246,  249,  251 

tincture,  267, 269 
Toluene,  619 
Toluresinotannol,  707 
Topique  sulforidine,  668 
Torrefaction,  173 
Torsion  counter  scales,  39 

prescription  balance,  38 
Toughened  caustic,  605 
Tragacanth  elnulsions,  320 

mucilage  of,  252 
Traganthin,  634 
Treacle,  638 
Trehalose,  638 
Tribrom aldehyde,  655 
Tribromophenol,  622 
Tricalcium  phosphate,  582 
Trichloracetic  acid,  613,  719 
Trichlorm  ethane,  651 
Triclinic  system,  the,  197 
Tricresol,  624 
Trihydroxybenzene,  713 
Trihydrozy benzoic  acid,  712 
Triiodometacresol.  658 
Trimethylamine.  669 
Trimethylzanthme,  727 
Trinitrin,  spirit  of,  262 
Trional,  614 

and  codeine,  suppositories  of,  4(1 

suppositories  or,  442 
Triozymethylene,  656 
Triticum,  fluideztract,  286, 287,  291 
Triturates,  tablet,  889 

rubber  mould  for,  391 
Trituration,  113 

of  elatenn,  407 
Triturations,  m 
Troches,  371 

ammonium  chloride,  878 
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Troches,  cabeb,  378 

fambir,  878 
ramena,  378 

licorice  and  opium,  878 

potassium  chlorate,  878 

santoniii)  379 

sodium  bicarbonate,  879 

tannic  acid,  878 
Trochisoi  acidi  tannici,  378 

ammonii  chloridi,  378 

cnbebsd,  878 

gambir.  378 

glyoyrrnizsB  et  opii,  378 

ImmerisB,  878 

potassii  cnloratis,  878 

santonin!,  870 

sodii  bicarbonatis,  379 
Trommer's  test,  636 
True  gwaoBy  definition,  201 
TruxUlinejJ29 
Trypsin,  797 
Tubulated  retort,  175 
Tully's  powder,  22,  406,  406 
Turkish-red  oU,  ess 
Turlington's  balsam,  271 
Tumbull's  blue,  547 
Turner's  cerate,  608 
Tussol,  627 
Tutia,  600 
Tutty,  600 
Typical  prescriptions,  450 

UNGUENTUM,  415 
acidi  tannic!,  418 
aqnie  roes,  415 
beiladonnaB,  418 
casein!,  414 
chrysarobini,  418 
ffaUiBB,  418 
nydrargyri,  419 
ammoniati,  419 
dilutum,  419 
extensum,  431,  484 
mite,  420 
nitratis,  422 
ozidi  flavi,  419 
rubri,  419 
iodi,  419 
iodoform!,  419 
paraffin!,  413 
phenolis,  419 
picis  liquidsB.  415 
potassii  iodioi,  419 
stramonii,  419 
sulphuris,  419 
Yeratrin!,419 
zinc!  oxidi  419 
stearatis,  415 
Unit,  antitoxic  or  immunity,  793 
United  States  fluid  measure,  27 
minim,  28 

Pliarmacopoeial  Convention.  19 
business  management  or,  19 
incorporation  of,  19 
Upriffht  condenser,  Squibb's,  176 
Uraiium,  665 
Urethane.  649 

acety  lethoxyphenjl.  649 
acetyloxyphenyl,  649 
ethyl,  649 

6henyl,  649 
iral  Dougies,  437 
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Urethral  bougdes  mould,  Mitchell's,  4AS 
official  size  and  weight,  439 
Wellcome-shape,  487 

Urinometer,  Squibb's,  65 

Uritone,  666 

Urotropin,  656 

Urotropine  salicylate,  657 

Uva  ursi,  fluidextract,  284,  287 

VACUUM  stills,  187 
Vaginal  suppositories,  487 
Valerian,  fluidextract.  284,  287 
tincture,  266,  2S8,  268,  ^o 
ammonlated,  266,  260 
Valerianic  acid,  719 
Valeric  acid,  681,  719 
Value,  sai>onifioation,  666 
Vanilla,  cutter  for,  108 

extract,  275 
Vanillin,  705 

test  for  presence  of  cumarin  in,  700 
Varec,  468 

Varnishes,  medicated,  426 
Veratridlne,  748 
Veratrine,  747,  748 
Veratroidine,  748 
Veratrol,  608 
Veratrum,  fluidextract,  281,  287, 291 

tincture.  206,  268,  276 
Verdiffris,  508 
Vervun's  balsam,  271 
Viburnum  opulus.  fluidextract,  284.  287 

prunifolium,  fluidextract,  284,  287 
Victor  Meyer  air-bath,  86 
Vinegar  of  opium,  280 
squill,  2SM) 
wood,  610 
Vinegars,  288 

official,  280 
Vinous  fermentation.  641 
Vinum  antimonil,  279 
cocce,  279 

colchici  seminis,  279 
ergotjB,  279 
ferrl,  279 

amarum,  279 
ipecacuanhfB,  279 
opii,279 
Vitriol,  blue,  592 
VoUtile  oils,  680 

adulteration,  212 
classification^^O 
description.  209 
determination  of  alcohols,  682 
aldehydes,  688 
esters,  682 
phenols,  684 
distillation,  211-217 
examination  of,  681 
expression  of,  218 
extraction  by  maceration  with 
fats,  218 
by  solvents,  218 
hand-pressed,  218 
official,  685 

WADE'S  balsam,  271 
Wagner's  reasent,  723 
Wahoo,  extract,  301 
Warner's  oil  filter,  149 
Water,  403 

ammonia,  225,  526 
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Water,  ammonia,  stronger,  225, 626 

am8e,226 

-baths,  89 

bitter  almond,  225 

camphor,  228 

chlorine,  226 

chloroform^^S 

cinnamon,  226 

creosote,  225 

of  crystallization,  199 

of  decrepitation,  199 

distilled,  227,  468 

fennel,  226 

hamameUs.  227 

hardness  of,  224 

interstitial,  199 

lead,  231,  597 

lime,  230,  685 

orange  nowerj225 
stron^r,  227 

peppermmt,  225 

rose,  225 

stronger,  227 

spearmixit,  226 

-still.  Cvrran's,  228 

tannin,  717 
Waters,  aromatic,  225 

medicated,  224 

ofBciah22i-227 
Wax,  207,  OT3 

earth,  679 

mineral,  679 

white,  207 

yellow,  207 
Wedgewood  mortar  and  pestle,  113 

pyrometer,  96 
Weight,  apothecaries,  26 

avoirdupois,  25 

definition  of.  25 

metric,  28,  30 

true,  25 
Weights,  39 

cup,  40 

aluminum,  40 

grain,  aluminum,  40 
brass,  40 

block,  39 

metric,  prescription,  41 

and  measures,  25 
metric,  28,  30 
Wellcome-shape  suppository,  486 

urethral  bougie^  437 
Westphal  specific  gravity  balance,  55 
Whiskey,  261,  262 

Whitall's  suppository  machine,  445 
White  arsenic,  586 

castile  soap,  675 

petrolatum,  678 

precipitate,  22 

wax,  207 
Whitney's  coal  oil  stove,  80 
Wild  cherry,  infusion,  236 
fluidextract,284,287 
syrup,  244,  245,  249 
Wine  of  antimony,  279 

coca,  279 

colcnicum  seed,  279 

detannated,  277 

ergot,  279 

ipecac,  279 

iron,  279 


Wine  of  iron,  bitter,  279 

oil  of,  heavy,  648 

opium.  279 
Wines.  277 

detannating,  277 

low.  642 

medicated,  official,  279 

red  and  wliite,  277,  27i3 
Wintergreen,  essence  of,  261 

oil  of,  artificial,  702 

synthetic,  702 
Wirz's  suppository  mould,  441 
Witch  hazel,  22 
Wood  alcohol,  615 

distillation,  products  of,  609 

naphtha,  615 

sugar,  tSS& 

vinegar,  610 
Wool  fat,  207,  678 

hydrous,  207 
natural,  673 

philosopher's,  600 
Worm  conaenser.  178 
Wormseed,  oU  of,  689 

XANTHOXYLUM,   fluidextract,  28t, 
287 
XyUtol,  635 
Xylose,  635 

ATEUiOW  mercuric  oxide,  973,  W8 
Jl   mercurous  iodide,  573,  576 

wax,  207 
Yolk  of  egg  emulsions,  320 
glycerite  of,  256 

ZINC  acetate,  692,  597 
bromide,  592,  607 
carbonate,  precipitated,  592,  fffl 
native,  impure,  596 
chloride,  692,  598 

solution^^l 
flowers  of,  wO 
hypophosphite,  602 
iodide,  592,  599 
lacUte,  602 
oleate,  426,  428 
oxide,  692,  699 
paraphenolsulphonate,  600 
phenolsulphonate,  692,  600 
phosphate,  602 
phosphide,  602 
salicylate,  602 
stearate,  692,  600 

ointment,  416 
sulphate,  692,  601 
sulphocarbolate,  600 
valerianate,  601 
valerate,  692,  601 
Zinci,  acetas,  602 
bromidum,  692 
carbonas  priecipitatus,  602 
chloridum,  692 
iodidum,  692 
oxidum,  602 
phenolsulphonas,  502 
stearas,  592 
sulphas,  502 
valeras,  692 
Zincke's  thermometers,  99 
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